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 i 
EXECUTIVE SUMMARY 
 
Background 
On-site wastewater treatment system (OWTS) siting, design and management has 
traditionally been based on site specific conditions with little regard to the surrounding 
environment or the cumulative effect of other systems in the environment. The general 
approach has been to apply the same framework of standards and regulations to all sites 
equally, regardless of the sensitivity, or lack thereof, to the receiving environment. 
Consequently, this has led to the continuing poor performance and failure of on-site systems, 
resulting in environmental and public health consequences. As a result, there is increasing 
realisation that more scientifically robust evaluations in regard to site assessment and the 
underlying ground conditions are needed. Risk-based approaches to on-site system siting, 
design and management are considered the most appropriate means of improvement to the 
current standards and codes for on-site wastewater treatment systems. 
 
The Project  
Research in relation to this project was undertaken within the Gold Coast City Council region, 
the major focus being the semi-urban, rural residential and hinterland areas of the city that are 
not serviced by centralised treatment systems. The Gold Coast has over 15,000 on-site 
systems in use, with approximately 66% being common septic tank-subsurface dispersal 
systems. A recent study evaluating the performance of these systems within the Gold Coast 
area showed approximately 90% were not meeting the specified guidelines for effluent 
treatment and dispersal. 
 
The main focus of this research was to incorporate strong scientific knowledge into an 
integrated risk assessment process to allow suitable management practices to be set in place to 
mitigate the inherent risks. To achieve this, research was undertaken focusing on three main 
aspects involved with the performance and management of OWTS. Firstly, an investigation 
into the suitability of soil for providing appropriate effluent renovation was conducted. This 
involved detailed soil investigations, laboratory analysis and the use of multivariate statistical 
methods for analysing soil information. The outcomes of these investigations were developed 
into a framework for assessing soil suitability for effluent renovation. This formed the basis 
for the assessment of OWTS siting and design risks employed in the developed risk 
framework. Secondly, an assessment of the environmental and public health risks was 
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performed specifically related the release of contaminants from OWTS. This involved 
detailed groundwater and surface water sampling and analysis to assess the current and 
potential risks of contamination throughout the Gold Coast region. Additionally, the 
assessment of public health risk incorporated the use of bacterial source tracking methods to 
identify the different sources of fecal contamination within monitored regions. Antibiotic 
resistance pattern analysis was utilised to determine the extent of human faecal 
contamination, with the outcomes utilised for providing a more indicative public health 
assessment. Finally, the outcomes of both the soil suitability assessment and ground and 
surface water monitoring was utilised for the development of the integrated risk framework.  
 
The research outcomes achieved through this project enabled the primary research aims and 
objects to be accomplished. This in turn would enable Gold Coast City Council to provide 
more appropriate assessment and management guidelines based on robust scientific 
knowledge which will ultimately ensure that the potential environmental and public health 
impacts resulting from on-site wastewater treatment is minimised. As part of the 
implementation of suitable management strategies, a critical point monitoring program (CPM) 
was formulated. This entailed the identification of the key critical parameters that contribute 
to the characterised risks at monitored locations within the study area. The CPM will allow 
more direct procedures to be implemented, targeting the specific hazards at sensitive areas 
throughout Gold Coast region.  
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SUMMARY OF KEY FINDINGS 
The key findings from the research undertaken area as follows: 
1. Adequate treatment and dispersal of effluent from on-site wastewater treatment systems 
is dependant on soil conditions which can change from one site to another. Unsuitable 
soil conditions will lead to failure of the soil dispersal area, resulting in environmental 
and public health impacts. Therefore, an assessment of soil suitability for effluent 
renovation and dispersal is necessary. 
 
2. The assessment of soil suitability within the Gold Coast region confirmed that: 
• The major factors influencing the renovation ability of a particular soil include the 
Cation Exchange Capacity (CEC), Organic matter content (%OM) and the type and 
amount of clay present in the soil.  
• The soil permeability and drainage characteristics are also significant. Soils with a 
high permeability will allow rapid transportation of effluent through the soil matrix 
but will result in reduced time for contact with soil particles for pollutant removal. 
Soils with a slow permeability will reduce the ability of effluent to percolate through 
the soil, leading to hydraulic failure. Consequently, soils with a moderate permeability 
are considered to provide the most favourable conditions for effluent treatment. 
• The different soil types providing adequate effluent renovation from most favourable 
to least favourable are; (1) Chromosols and Kurosols; (2) Ferrosols and Dermosols; 
(3) Kandosols and Rudosols; (4) Podosols and Tennosols; (5) Organosols; (6) 
Sodosols and Vertosols; and (7) Hydrosols. 
 
3. Faecal contamination of water resources is an important issue in relation public health 
impacts. However, faecal bacteria can be emitted from various sources, including 
agricultural sources, wild and domesticated animals, urban development and effluent 
treatment facilities. The bacterial source tracking technique, Antibiotic Resistance 
Patterns (ARP) analysis, was found to be satisfactory for identifying the respective 
sources of faecal contamination and for linking faecal contamination to OWTS.  
 
4. The microbiological analysis indicated that a majority of the faecal contamination in 
more rural areas was non-human. However, the percentage of human isolates increased 
significantly in urbanised areas using OWTS for wastewater treatment.  
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RECOMMENDATIONS 
Based on the outcomes of the research undertaken and the developed integrated risk 
framework, the following recommendations are made:  
1. It is important that the developed integrated risk framework and risk maps for OWTS be 
utilised in future development assessment processes. This will allow more appropriate 
OWTS siting, design and management principles to be established, reducing the 
environmental and public health issues associated with poor system performance. 
 
2. The successful implementation of a risk assessment and management framework relies on 
iterative processes to ensure regular assessment of ‘at risk’ areas based on future 
information. This would involve collection of necessary data to allow re-assessment of the 
hazards investigated through this research to ensure that the identified risk zones are based 
on current scientific knowledge.  
 
3. The assessment of ‘at risk’ areas requires additional investigation of the relevant site and 
soil characteristics to reduce the inherent environmental and public health risks. The level 
of investigation required is dependant on the limiting hazards and contributing factors that 
are responsible for the identified risks. Therefore, more detailed assessment of ‘at risk’ 
regions should focus on the limiting factors discussed in Chapter 8.  
 
4. Assessment of appropriate setback distances based on site specific needs rather than 
applying generalised setbacks is necessary. Current setback distances specified in the 
standards and codes typically focus specifically on public health issues. Although this is a 
critical factor, some areas investigated were found be more prone to environmental 
impacts. Therefore, it is recommended that applicable setback distances focus more on the 
limiting factors rather than simply adopted standard values. 
 
5. The implementation of a critical point monitoring program in conjunction with the 
integrated risk framework will allow effective risk management processes to be 
establishment. The research conducted through this project has identified the ‘at risk’ areas 
and the corresponding critical parameters that are responsible for creating that risk. It is 
recommended that corrective actions are developed based on appropriate monitoring 
procedures for these critical areas. 
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CHAPTER 1.0 
INTRODUCTION 
 
 
1.1 Overview 
On-site wastewater treatment system (OWTS) siting, design and management has 
traditionally been based on site specific conditions with little regard to the surrounding 
environment or the cumulative effect of other systems. Over the last few years, there has been 
increasing recognition that on-site wastewater systems are in fact treatment systems, 
providing a means of dispersing treated wastewater back to the environment or recycling it in 
a manner that protects both public health and the environment (Siegrist et al 2000).   
 
Consequently, this has lead to the recognition of two interrelated issues. Firstly, there is a 
need to ensure that appropriate technology is employed to adequately meet specific 
environmental safeguards. Secondly, the articulation of treatment standards and criteria which 
are flexible and robust enough to satisfy specific environmental requirements. The 
philosophical basis and language of risk are useful in this regard as they provide a logical 
framework for considering a methodology to meet criteria formulated to satisfy specific 
environmental standards. This involves the integration of the concepts of hazard assessment 
and characterisation, risk assessment and management in the siting, design and management 
of on-site sewage treatment systems (Jones et al 2000). The incorporation of risk based ideals 
enables more rigorous, systematic decision making processes than the performance based 
approaches currently being adopted (Eliasson et al 2001; Hoover et al 1998).  
 
Unfortunately, these concepts are not common in on-site wastewater treatment. The general 
approach has been to apply the same framework of standards and regulations to all sites 
equally, regardless of the sensitivity, to the receiving environment. Consequently, this has led 
to the poor performance and failure of OWTS. Numerous incidence of poor treatment 
performance of on-site systems, in particular septic systems, is quite common (USEPA 2002, 
Harris 1995, Scandura and Sobsey 1997, Geary and Whitehead 2001, Lipp et al 2001). This 
situation is further compounded by the existence of high densities of such systems in many 
urban fringe areas and particularly prevalent in the Southeast region of Queensland State.  
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1.2 Background to Project 
Several studies have been conducted in Australia which all indicated that failure of OWTS is 
quite significant (Goonetilleke et al 2000a,b, Goonetilleke et al 2002, Jellife 1995, Geary 
1987, Geary and Whitehead 2001). A recent study on the treatment performance of septic 
tanks within the Gold Coast City region indicated that approximately 90% of the investigated 
systems were not meeting the stipulated standards for effluent treatment (Goonetilleke et al 
2002). Consequently, as a result of this study, the Gold Coast City Council considered it 
necessary to develop more suitable means of assessment and management of OWTS within 
their regulatory region. This in turn led to the current research project for developing a risk-
based approach to on-site wastewater treatment system siting, design and management. 
 
1.3 Project Aims and Objectives 
The the primary aims of this research project were: 
1. To develop a comprehensive understanding of the fate and transport of specific 
contaminants from on-site systems, including nutrients and pathogenic organisms; 
2. To develop an appropriate means of sourcing the origin of pathogenic organisms to 
improve the assessment of risk in relation to public health. 
 
The primary objectives of the research project were: 
1. To develop methodology for hazard identification and characterisation, relating to on-site 
wastewater treatment in the context of the surrounding environment and sensitivity; 
2. To develop a cohesive integrated risk framework for the assessment of on-site wastewater 
treatment system siting and design based on environmental and public health risk;  
3. To develop a critical point monitoring program to allow the continual monitoring and 
management of the environmental and public health risks.  
 
1.4 Scope 
The main focus of this research was to incorporate strong scientific knowledge into an 
integrated risk assessment process to mitigate the inherent risks associated with on-site 
systems. To achieve this, research was undertaken focusing on three main aspects involved 
with the performance and management of OWTS. Firstly, an investigation into the suitability 
of soil for providing appropriate effluent renovation was conducted. Although both subsurface 
and surface dispersal systems were investigated, the assessment of soil suitability was 
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developed on the basis of effluent infiltration through the soil matrix. The research did not 
investigate the soil and site characteristics in relation to surface or overland flow. The 
research focused on the assessment of soil physico-chemcial characteristics for attenuating 
and removing contaminants as the effluent percolated through the soil matrix, as well as soil 
hydraulic characteristics necessary for effluent dispersal. Secondly, an assessment of the 
environmental and public health risks was undertaken specifically related to the release of 
contaminants from OWTS. This involved detailed groundwater and surface water sampling 
and analysis to assess the current and potential risks of contamination. Finally, the outcomes 
of this research was utilised for the development of the integrated risk framework. 
 
The research was specifically formulated around the performance issues involved with the 
renovation of effluent after being discharged from on-site systems. The treatment capabilities 
and performance of the actual treatment units and respective technologies were not 
investigated. Additionally, although specific management principles were developed as part 
of the risk framework, it did not include general householder maintenance and management 
practices, or the development of public education programs.  
 
1.5 Project Area 
Research was confined to the Gold Coast City region as shown in Figure 1.1, with the major 
focus within the semi-urban, rural residential and hinterland areas that are not serviced by 
centralised treatment systems. Due to the escalating cost of infrastructure, on-site systems are 
the most economical and accepted means of wastewater treatment within the rapidly 
developing urban fringe and rural areas. The region currently has over 15,000 on-site 
wastewater treatment systems with a majority of them being conventional septic tank-soil 
absorption systems. Large clusters exist in various locations throughout the region as shown 
in Figure 1.1, and their cumulative effect has become a major concern for the Gold Coast City 
Council. Several areas have been identified as sensitive to environmental and public health 
impacts as a result of poor system performance. These areas have high densities of OWTS 
(>500 systems/km2) and the site and soil characteristics can be inadequate for providing 
appropriate effluent treatment and dispersal (Carroll and Goonetilleke 2004).  
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1.6 Methodology for the Study 
The adoption of suitable methodology which adequately encompasses the specific research 
aims and objectives set out for this project was essential. The process of progressing from the 
initial problem formulation to the final integrated risk framework involved several iterations 
prior to achieving the specified objectives and development of the risk maps. Figure 1.2 
illustrates the methodology adopted. Essentially, it involved several stages to allow both, the 
individual and final integrated risk frameworks to be developed, which was refined 
progressively with the collection of relevant data and analysis undertaken. This process 
allowed the development of the risk frameworks to move from a qualitative approach based 
on empirical and anecdotal relationships to a quantitative process incorporating appropriate 
scientific data.  
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Figure 1.1: Gold Coast City showing locations of OWTS 
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1.7 Scope and Outline of the Report 
The report discusses the results of detailed field investigations, laboratory analysis and data 
investigation undertaken in developing a cohesive risk based approach to the assessment and 
management of on-site wastewater treatment systems. Chapter 2 provides an overview of the 
generic concepts in relation to on-site wastewater treatment, with specific reference to the 
issues associated with poor treatment performance. This includes discussion on performance 
Figure 1.2: Schematic diagram showing detailed representation of research 
to be undertaken 
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issues, fate and transport of contaminants from OWTS, and the concepts of risk assessment 
and management as they apply to on-site wastewater treatment. Chapter 3 outlines the 
strategies adopted in formulating the research project. This includes the basis for which the 
development of the risk framework was undertaken and the methodology used for identifying 
and characterising the hazards associated with OWTS. Chapter 4 provides details of the field 
investigations conducted during the research project. The desktop studies undertaken, the 
processes of site selection and the respective sampling protocols adopted are also discussed. 
The laboratory analytical techniques used for testing soil and water samples taken during the 
field investigations are detailed in Chapter 5. Additionally, the data investigation and analysis 
techniques utilised for developing the risk assessment regimes are also discussed.  
 
Chapter 6 describes the development of a framework for assessing soil suitability for effluent 
renovation. It details the suitability of different soil types within the Gold Coast region for 
providing attenuation and dispersal of discharged effluent from OWTS. Chapter 7 focuses on 
the outcomes of groundwater and surface water monitoring conducted during the field 
investigation stage. The outcomes from these investigations were specifically utilised for 
assessing the environmental and public health risks. Particular significance was the utilisation 
of Antibiotic Resistance Pattern analysis for identifying the sources of faecal contamination. 
Chapter 8 discusses the formulation of the integrated risk assessment framework for Gold 
Coast region. The assessment of the different risk facets, processes for the development of 
GIS databases and risk mapping, and the implementation of appropriate management 
techniques are also discussed in detail. Finally, Chapter 9 discusses the conclusions derived 
from the research project. 
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CHAPTER 2.0 
ON-SITE SEWAGE TREATMENT AND RISK MANAGEMENT 
 
 
2.1 Overview 
The most common form of OWTS is the typical septic tank/soil adsorption system, as 
depicted in Figure 2.1. However, Aerobic Wastewater Treatment Systems (AWTS) 
employing surface irrigation for final treatment and disposal of effluent are becoming popular 
due to their improved treatment performance. Numerous cases of system failure have been 
reported over the past years, generally concerning septic systems, increasing the concerns of 
regulatory authorities that on-site systems are not providing adequate treatment of domestic 
wastewater. The performance of on-site systems and the need to consider site and soil 
characteristics in their siting and design have been investigated by researchers such as 
Brouwer and Bugeja (1983), Geary (1993), Geary et al (1999), Goonetilleke et al (2000). The 
study outcomes confirm that many systems fail due to inadequate consideration of key site 
and soil characteristics, giving rise to potential environmental and public health risks. 
 
Figure 2.1: Common on-site wastewater treatment systems used in Australia. 
(adapted from AS1547: 2000) 
Septic tank 
Distribution box 
Gravel or crushed 
rock fill 
Effluent disposal trench 
Unexcavated area Effluent disposal area 
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As such, it is recognised that a move away from the current performance based criteria used in 
the siting, design and management of on-site systems towards the evolving risk-based criteria 
is warranted. Consequently, various risk-based approaches have been devised, ranging from 
computer based models, to more refined management frameworks that incorporate approaches 
aimed at reducing the inherent risks developed through poor performance of OWTS. 
 
2.2 Performance Issues  
The performance of on-site wastewater treatment systems imposes several critical issues on 
the surrounding environment. Improper system siting, design and operation can result in 
biological and chemical contamination of water sources (Hagedorn et al 1981; Nichols et al 
1997; Stevik et al 1999). In order to address the critical issues arising from the inadequate 
treatment performance of on-site systems, due consideration of the causes of failure is 
essential in establishing suitable design and performance criteria. The issues of importance 
with regard to the inadequate performance of on-site wastewater treatment systems include: 
• Soil’s ability to renovate discharged effluent; 
• Contamination of the surrounding environment, including ground and surface water; 
• Public health concerns; 
• Maintenance and management of on-site wastewater treatment systems. 
 
The soil area used for effluent dispersal is of critical importance in the treatment of discharged 
effluent. The performance of an on-site system is not only related to the level of treatment 
produced by the treatment unit (septic tanks or aerobic treatment systems), but is also 
dependant on the capability of the soil to treat the discharged effluent percolating through the 
soil matrix. It essentially forms the final barrier between inappropriately treated effluent and 
the groundwater system. The major treatment processes and transport pathways typical of 
OWTS are highlighted in Figure 2.2.   
 
The soil’s renovation ability is a major limiting factor in relation to OWTS. Under suitable 
conditions, soil can be an effective treatment medium, relying on physical, chemical and 
biological processes to treat and dispose of the applied effluent. Due to the presence of finer 
pores which provide relatively more contact surface area for percolating effluent, clayey soils 
are generally better suited for effluent treatment and disposal. However, both the amount and 
type of clay present has a major influence on the ability of the soil to treat the effluent. The 
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purification potential increases as the clay content increases, but the probability of clogging is 
also increased (Bouma 1974). The amount of clay is also significant as higher percentages can 
be impermeable, preventing vertical infiltration of effluent. As the effluent applied to the soil 
infiltrates through the soil medium, physical, chemical and biological processes of sorption, 
filtration and microbiological decomposition help in purifying the partially treated effluent, 
before it reaches groundwater (Miller and Wolf 1975; Van Cuyk et al 2001).  
 
 
Figure 2.2: Major components and pathways in subsurface disposal of effluent. 
(adapted from Bouma et al 1972) 
 
The sorption processes in soil are beneficial for the renovation of effluent, provided the soil 
profile is suitable. The soil adsorption ability is reliant most significantly on the type of soil 
and its respective cation exchange capacity (CEC), which in turn is dependant on the amount 
and type of clay present in the soil and the amount of organic matter. CEC is basically a 
measure of the soil particles ability to exchange cations with freely mobile cations added to 
the soil matrix, in this particular case those associated with percolating effluent (Borden and 
Giese 2001, Manahan 2000). Therefore, if the soil has a low CEC, it will not have a strong 
ability to adsorb pollutants, and will rely wholly on filtration and microbiological 
decomposition processes. On the other hand, soils with a high CEC will have excellent 
adsorption ability, and provide suitable effluent renovation, provided the effluent can 
physically percolate through the soil. Clayey soils generally retain greater sorption ability due 
to the smaller size of the clay particles, and hence provide a greater, more active adsorption 
area. Clay soil particles which have a coating of iron, aluminium and hydrous oxides have 
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exceptional sorption ability. The electrostatic properties of soils with high clay content, as 
well as organics, provide a good CEC which is capable of sorbing ionic and biological 
material, commonly contained within the percolating effluent (Miller and Wolf 1975).  
 
Additionally, the properties of the soil matrix provide an effective medium for filtering out 
solid material from effluent. This includes suspended solids and organic material. Soil 
contains numerous microorganisms which multiply rapidly with the extra nutrients provided 
through the effluent. The abundance of microorganisms aid in the filtering processes in the 
soil, with removal organics and nutrients (Miller and Wolf 1975). One of the important issues 
relating to the filtration ability of the soil is the formation of a clogging layer or biomat. The 
formation of the biomat occurs when bacterial growth and their by-products, and accumulated 
solids reduce soil pore diameters resulting in the reduction of the soil infiltration capacity. 
Soil absorption systems can fail hydraulically due to clogging and reduction in infiltration 
through the soil at the soil-gravel interface (Bishop and Logsdon 1981, Kristiansen 1981). 
However, even though the formation of the biomat is considered a major problem for the soil 
adsorption area, it can also be beneficial. The infiltrative capacity of the clogging mat has 
been shown to reach an equilibrium state after a period of time (Allison 1947; Jones and 
Taylor 1965; Otis 1984). As such, effluent will still be able to seep through the layer, but at a 
much lower rate. The development of this clogging zone can enhance purification by 
increasing bio-geochemical reactions within the zone, as well as creating unsaturated 
conditions beneath it due to the reduced permeability below the biomat.  
 
2.3 Failure Consequences  
The failure of on-site wastewater treatment systems is an issue that needs recognition in order 
to prevent the possible environmental and public health hazards that may develop. Table 2.1 
highlights the more common failure scenarios related to OWTS. This is due in part to the 
inadequate management and maintenance and in part due to numerous assumptions being 
applied to the siting, design and installation of OWTS with little consideration of the long-
term performance of the system (Goonetilleke and Dawes 2001, Hoover et al 1998). 
 
Proper performance of an OWTS depends on the ability of the soil to renovate and transmit 
effluent. Failure occurs if either of these functions is not adequately achieved (Reneau et al 
1989). According to Kenway et al (2001), of the 284,000 on-site sewage facilities that 
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currently exist in NSW, approximately 50-90% have failed or are performing inefficiently. 
Research undertaken by Goonetilleke et al (2002), Goonetilleke et al (2000a,b) produced 
similar results with failure rates of 70-90% for on-site wastewater treatment systems located 
in Brisbane, Logan and the Gold Coast regions. However, the definition of what actually 
constitutes failure has proven to be contentious (Dix and May 1997).  
 
Table 2.1: Failure Scenarios associated with OWTS 
Failure Scenario Resulting Consequences 
 
Hydraulic Failure of OWTS  
 
Sewage ponding on ground surface near subsurface system or leakage 
on slopes; sewage pipe blockage and backup into pipes and fixtures. 
 
 
Groundwater and surface water 
contamination with chemical 
pollutants 
 
Elevated nitrate levels in drinking water sources; taste or odour 
problems in drinking water caused by untreated, poorly treated, or 
partially treated wastewater; presence of toxic substances (e.g. solvents, 
cleaners) in water source. 
 
Algal blooms, high aquatic plant productivity, low dissolved oxygen 
concentrations in nearby freshwater and marine water bodies. 
 
Microbial contamination of ground 
and surface water 
 
Shellfish bed bacterial contamination; recreational areas contaminated 
due to high bacterial levels; contamination of down-gradient drinking 
water wells with faecal bacteria or viruses. 
 
 
The term failure associated with on-site wastewater treatment systems has been loosely used 
throughout literature to describe major faults associated with these systems, including effluent 
surfacing, odour or mechanical malfunctions. However, with the current move towards the 
adoption of risk based assessment of OWTS, the definition of failure needs to be defined in 
terms of the resultant hazards and exposure scenarios.   
 
In relation to environmental hazards, failure refers to the inability of the system to provide 
adequate treatment and disposal of sewage, resulting in the increased release of contaminants, 
causing adverse conditions in the environment, such as eutrophication of waterways. 
Similarly hazards relating to public health associate failure of OWTS with increased pathogen 
numbers in public areas. The hazards created from the inadequate siting, design, operation 
and management of OWTS, such as hydraulic overloading, effluent surfacing and infrequent 
sludge removal also bring to light the various failures that need to be adequately addressed. 
Any treatment system can be deemed as failing if it allows harmful pollutants to accumulate 
to dangerous levels in the receiving environment (Otis et al 1974).  
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The reason for these different views on failure is that on-site treatment systems have generally 
been installed and maintained according to the specified performance based criteria without 
taking into account all possible scenarios and outcomes related to inadequate on-site treatment 
and disposal of sewage. The risks emerging from the inherent hazards imposed by the failure 
of on-site systems need to be adequately assessed to allow appropriate management 
techniques to be adopted in order to control and minimise their impacts. Unfortunately, this 
has not been sufficiently addressed for on-site wastewater treatment systems. Some risk 
assessments have been achieved through a qualitative approach in order to provide a toolbox 
for assessing the risks. However, these approaches do not have the scientific depth needed to 
minimise the uncertainty associated with risk assessment. As such, it is necessary for a 
scientific based quantitative risk assessment be undertaken for on-site systems, not only to 
incorporate the scientific data to reduce uncertainty, but also to provide adequate recognition 
of the major environmental and public health implications that need addressing.  
 
2.4 Fate and Transport of Contaminants 
Effluent discharged from on-site wastewater treatment systems contains physical, chemical 
and biological constituents, if not reduced to a safe level can contaminate the surrounding 
environment. Typically, the transport of pollutants from septic systems occurs via 
groundwater flow due to the use of soil absorption systems. The processes and mechanisms 
that the soil uses to purify effluent can achieve a relatively high level of purification, but it 
will not ensure the total removal of these contaminants. Therefore, it is inevitable that a 
certain loading of nutrients and pathogens will reach groundwater, travelling along available 
pathways to the receptors at risk. However, if the soil absorption field fails, surfacing of 
effluent may occur, with fate and transportation of nutrients and pathogens reliant on surface 
and climatic conditions. Surface runoff will then inevitably be a major transportation process 
for contaminants. Typical pathways for contaminant transport related to the hazards imposed 
on public health and the surrounding environment are shown in Figure 2.3.  
 
In order to apply a safety net around on-site wastewater treatment systems, set back distances 
are typically specified, based on the implicit assumption that the risks imposed by pathogenic 
organisms and chemical contaminants that do travel further than these adopted distances are 
significantly lower. Direct correlation between reduced contaminant concentrations and 
pathogenic numbers with distance provide evidence of this fact (Arnade 1999). Typical 
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specified distances are in the range of 15 – 30m for wells and 100m from a perennial streams 
or waterway. However, this is dependant on the soil conditions at each site, and therefore 
these distances can vary (Beavers and Gardner 1993; Viraraghavan 1978). Corbett et al 
(2002) noted in their study on nutrient concentrations from three on-site treatment systems, 
that by increasing the adopted setback distance of 23m by an extra 50m, a 50% reduction of 
remaining contaminants, specifically nitrogen and phosphorus was possible. However, set 
back distances have also proved ineffective in numerous cases. A study undertaken by 
Robertson et al (1991) on contaminant plumes in groundwater from two single family homes 
on shallow unconfined sand aquifers, found that a plume of NO3- and Na+ had travelled 150m 
away from the effluent discharge point. At a sampling well located two kilometres away, 
concentrations of nitrate and sodium were also found, although concentrations were only one 
quarter of the allowable drinking water standard. This does, however, highlight the fact that 
contaminants are capable of travelling much further than commonly expected.  
 
 
Figure 2.3: Typical pathways of contaminant transport related to hazards imposed by 
on-site wastewater treatment systems 
 
2.4.1 Nitrogen  
Effluent discharged from septic tanks commonly consists of 80% ammonium-N (NH4+-N) and 
20% organic N (Canter and Knox 1991; Gold and Sims 2000). On-site treatment systems can 
typically remove around 20% of the nitrogen depending on the specific site related factors, 
such as soil, topography and climate (Siegrist and Jenssen 1989). Anaerobic conditions 
prevail in septic tanks, providing excellent conditions for organic-N to be transformed into 
NH4+-N. Once in the soil, naturally occurring bacteria use the available organic-N and NH4+-
N, oxidising it to nitrites and nitrates. Nitrites are easily oxidised to nitrates, and therefore are 
not typically found in large concentrations, particularly in ground and surface waters. 
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Nitrates, on the other hand, are the most mobile form of nitrogen, and will move easily 
through the soil and groundwater. Nitrates are therefore one of the major contaminants 
associated with on-site treatment systems, and are considered a major contributor to 
eutrophication of waterways. In the case of aerobic wastewater treatment systems, 
nitrification occurs inside the unit itself. Therefore, the discharged effluent already contains a 
high level of nitrates. However, as effluent is surface irrigated, most effluent is treated in the 
top soil layer where nutrients are available for uptake by vegetation and microorganisms.  
 
2.4.2 Phosphorus  
Phosphorus concentrations in sewage effluent (~ 25 mg/l) are typically far in excess of what is 
in the natural environment. This is mainly due to phosphorus in detergents and other 
household cleaning products commonly disposed in wastewater. The amount of phosphorus 
(< 0.02 mg/L) required to stimulate algae growth in aquatic environments is far below typical 
concentrations found in effluent (Hesketh and Brookes 2000; Robertson et al 1998). There are 
presently no drinking water standards or a regulatory upper limit established for phosphorus 
primarily because is not a direct public health threat (Gold and Sims 2000). However, 
phosphorus is well known to have many undesirable impacts on aquatic ecosystems, as it will 
also contribute to the eutrophication of waterways (Gold and  Sims 2000). 
 
In general, the digestion processes in on-site treatment systems convert most of the 
phosphorus into soluble orthophosphates. This form of phosphorus is able to move through 
aqueous regions, such as saturated soil, and ground and surface waters. However, due to its 
high exchangeability and reactivity with soil and chemical particles, phosphorus is generally 
retained in the soil. However, even though phosphorus is relatively less mobile than nitrogen 
and is considered as not being a major concern, phosphorus is still able to move into 
groundwater, generally over a much longer time period than nitrogen. As such, it is important 
to consider phosphorus as a hazard to water quality.   
 
2.4.3 Pathogens 
As public health aspects are concerned with the contamination of potable water by 
bacteriological, viral and protozoan parasite contaminants, attention is needed regarding their 
fate and transport through soil media and into groundwater. In the case of subsurface 
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treatment, pathogenic organisms are removed by one of four mechanisms; filtration, 
adsorption, microbial interaction or survival time (Laak 1986). These processes are influenced 
by factors such as soil texture, composition and organic matter levels, pH, moisture content, 
temperature and competition from other organisms (Miller and Wolf 1975). As such, the 
mobility of pathogens in soil is greatly influenced by the size and type of the pathogen. 
 
The main issue relating to pathogenic fate and transportation is the moisture condition of the 
soil. Where an adequate depth of soil is available which is not influenced by shallow 
groundwater conditions, the soil will provide a suitable medium for effluent purification. 
However, the inability of soil to treat effluent as it percolates through the soil during the wet 
season, or due to high groundwater fluctuations, results in groundwater contamination 
(Arnade 1999). On-site treatment systems located in areas with fluctuating water tables or 
shallow groundwater are of concern. Unfortunately, limited work has been undertaken on near 
shore surface water where high densities of on-site systems are present (Lipp et al 2001).  
 
2.5 Risk and On-Site Sewage Treatment 
2.5.1 Hazards  
A hazard exists when there is potential for harm towards either human or environmental 
receptors. Specific to on-site wastewater treatment systems, hazards are primarily related to 
the release of pollutants into the receiving environment, as shown in Table 2.2. Therefore, the 
most important step in the overall risk assessment process is to identify all the potential 
hazards resulting from the occurrence of a particular event, such as the inadequate 
performance of an on-site wastewater treatment system. There may be varying degrees of 
hazards associated with different environmental and public health situations (Asante-Duah 
1998). As such, all relative hazards need to be identified, no matter how big or small they may 
be in comparison. This results from the possibility of a cumulative effect which can pose quite 
significant and severe consequences from the diverse range of potential hazards.  
 
2.5.2 Risk 
There is no universally accepted single definition of risk that can be applied in specific terms 
relating to specific areas (Asante-Duah 1998). For instance, the definition of environmental 
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risk will differ from that for public health risk, which will also be quite different to that for 
financial risk. However, in simple generic terms risk can be defined as: 
“The ‘likelihood’ of a course of action (or lack of a course of action, as the case may 
be) will result in an event leading towards a potential for harm (hazard). Risk is 
measured in terms of the consequences arising from the event and its likelihood” 
(AS/NZS 4360: 1999; Jones et al 2000)” 
 
The process of assessing and managing risk consists of a series of major activities, as depicted 
in Figure 2.4, including (1) Problem formulation; (2) Hazard Identification; (3) Risk 
Assessment and (4) Risk Management (AS/NZS 4360: 1999; Asante-Duah 1998; Burgman 
2001; Chin and Chittaluru 1994; Covello and Merkhofer 1994; Gough 2001). 
 
Table 2.2: Hazards and contributing factors related to OWTS 
Item Key Hazard Contributing Factors 
OWTS 
(Treatment system  
and disposal area) 
Release of contaminants due to ‘failure’ of On-site 
wastewater treatment system 
1. Soil 
2. Planning (Lot size) 
3. Environmental Sensitivity 
4. Flooding 
5. Topography 
6. Loading rates 
7. Operation and maintenance 
practices 
Surrounding Soil 
Inability to renovate effluent and prevent 
contaminants from reaching groundwater and/or 
surface water 
1. Soil Type 
2. Depth of soil horizons 
3. Physical characteristics 
4. Chemical characteristics 
5. Water table depth 
Public Health 
Contamination of water/surrounding environment 
such that a considerable health risk is evident due 
to the release of contaminant (namely pathogens) 
which have an impact on human health 
1. Surface exposure 
2. Water supply 
(ground/surface) 
3. Aerosols 
4. Pests (mosquitoes etc) 
Environmental 
Release of contaminants into the receiving 
environment (ground/surface waters) causing 
environmental degradation (such as 
eutrophication). 
1. Surface runoff 
2. Groundwater discharge 
3. Flooding 
4. Water table 
 
2.6 Risk-based Approach to On-Site Sewage Treatment 
As a national standard, AS/NZS 1547:2000 should provide adequate OWTS assessment and 
management procedures to achieve the requisite sustainable outcomes nation-wide. However 
most regulatory authorities have in place regulations and guidelines for the use of on-site 
systems, which can be substantially different from one jurisdiction to another with regards to 
site assessment, system design, and more recently, management requirements. Unfortunately, 
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this has been a major drawback to the nation-wide acceptance of AS/NZS1547:2000 and the 
adoption of uniform management strategies.  
As such, this has led to the realisation that more rigorous evaluation of site assessment and the 
underlying ground conditions are needed. The prescriptive criteria used for the assessment of 
site and soil characteristics are not sufficiently robust to be used for all sites and all situations. 
The evolving risk-based approach to on-site system siting, design and management can be 
considered as the next improvement to the current standards and codes. In order to 
successfully implement risk assessment into regulatory codes, it is essential that it becomes 
the driving force behind the code, rather than being included as part of an existing code.  
 
 
Figure 2.4: Major process involved with assessing and managing risk  
(adapted from AS4360:1999) 
 
2.7 Current Risk Models  
Regulatory authorities world-wide are beginning to utilise risk-based models for assessing 
and managing the use OWTS. Under the SepticSafe program implemented in New South 
Wales (NSW) State, Australia, the On-site Sewage Risk Assessment System (OSRAS) was 
developed (Brown and Root Services 2001, Kenway 2001). The OSRAS model was 
developed to utilise existing databases to determine the risk posed by on-site treatment 
systems on the surrounding environment and the cumulative impacts of systems on 
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downstream environments. A similar model, the Development Assessment Module (DAM), 
has been developed by the Sydney Catchment Authority, NSW State, Australia (McGuinness 
and Martens, 2003). DAM was developed in order to reduce the impacts on Sydney City’s 
water supply from new housing developments in areas relying on on-site systems for sewage 
treatment. DAM also utilises existing databases to predict the extent and direction of an 
effluent plume originating from a treatment system in order to assess its potential impact on 
water quality (McGuinness and Martens, 2003).  
 
Similar models have also been developed internationally, such as TrenchTM 3.0 (Cromer 
1999) which aids in the assessment and suitability of sites for septic absorption trenches; 
Watershed Analysis Risk Management Framework (WARMF) (Kirkland 2001), which has 
been modified to incorporate effluent infiltration into the soil layer below the land surface to 
account for cumulative effects of systems as non-point source pollutant loads (Chen et al 
2001); and Method for Assessment, Nutrient-loading, and Geographic Evaluation of 
Watersheds or MANAGE (Joubert et al 1996), a model used to identify groundwater pollution 
sources and future risks and to evaluate the impacts of alternative on-site wastewater 
treatment systems. However, although these models are able to determine the level of risk if 
an on-site system is installed at a particular location, their accuracy is singularly dependant on 
the amount and type of data available to the user. Additionally, the complexity of some of 
these models reduces them to ‘black box’ approaches, whereby the user inputs data and 
receives an answer without any guidance as to how this was derived.  
 
Another important limitation of these models is that they are unable to assess the level of risk 
currently present in an area as result of existing systems. The cumulative impact approach, 
which assesses the impact on the environment and public health from incremental changes in 
the risk resulting from additional on-site systems, is assessed from a background or zero risk 
level. This may be misleading if the assessed area is already at high risk due to the presence 
of existing on-site treatment systems. 
 
For this reason, assessment and management frameworks for OWTS have also been 
developed. Hoover et al (1998) developed a Framework for Site Evaluation, Design and 
Engineering of On-site Technologies Within a Management Context which utilises site 
 20 
evaluation, design, and engineering of on-site systems, within a management context, in order 
to addresses both risk management and long term operation and maintenance (Hover et al 
1998). Similarly, NDWRCD (2002) utilised the framework developed by Hoover et al (1998) 
in order to develop a risk-based approach to OWTS assessment and management for the 
Tisbury region, Massachusetts, USA. Loetsher and Keller (2002) developed the SANEX 
system, a decision support tool created to allow regulatory authorities to assess the suitability 
of alternative OWTS systems for different sites. This framework utilises various site and soil 
characteristics, as well as alternative system technology to develop ranked indices to 
determine the most suitable system to use in an area. The main difference between utilising a 
developed risk model versus the development of a suitable framework. This allows a more 
useful framework to be devised based on the issues associated with the area of concern. 
 
2.8 Conclusions 
On-site wastewater treatment systems are capable of providing adequate treatment and 
dispersal of domestic effluent provided they are situated in areas that have appropriate site 
and soil characteristics and are maintained on a regular basis. However, failure of OWTS is a 
common scenario, particularly for septic tank-soil absorption systems. This is related to 
several issues including unsatisfactory site and soil characteristics and inadequate 
maintenance of systems. Poor OWTS performance can lead to serious environmental and 
public health issues. Consequently, more appropriate assessment and management techniques 
need to be developed to safeguard against the inherent hazards associated with the typical 
failure of OWTS. The evolving risk-based approach to on-site system siting, design and 
management can be considered as the next improvement to the current standards and codes 
employed in on-site wastewater treatment systems.  
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CHAPTER 3.0 
PROJECT FORMULATION AND DEVELOPMENT 
 
 
3.1 Overview  
The development of the integrated risk framework was based on the Australian Standard 
AS4360:1999 Risk Management (AS/NZS 4630. 1999). This approach entails the following 
four major steps: 1) Problem formulation, 2) Hazard identification, 3) Risk Assessment and 4) 
Risk Management and mitigation, as shown in Figure 2.4. Additionally, it was also necessary 
to undertake continuous communication and consultation with relevant stakeholders who will 
be affected by the implementation of the risk procedure. The inclusion of appropriate 
stakeholders who have an essential role in the development of the risk assessment and 
management process is one of the essential elements that should form part of any risk 
management process (AS/NZS 4630. 1999).  
 
3.2 Problem Formulation 
Following the general risk assessment/management framework as specified in AS 4630:1999, 
the first stage in implementing the OWTS risk framework was problem formulation and 
identification of the research tasks to be undertaken. This entailed; (i) identification of 
relevant stakeholders, (ii) identification of areas within Gold Coast region that are highly 
sensitive to the use of OWTS, (iii) development of a logical process for progressing from 
initial project development to final framework implementation, and (iv) identification of the 
important hazards associated with OWTS that are critical for the Gold Coast region. These 
issues were resolved by conducting several stakeholder workshops. 
 
Stakeholders who were perceived to have an interest in the development and implementation 
of the integrated risk framework included Gold Coast City Council officers, OWTS 
regulators, environmental health officers, developers, plumbers and inspectors, soil assessors, 
risk assessors and community groups. The inclusion of stakeholders was fundamental for the 
development of the framework with their involvement throughout the decision making 
process. Additionally, with the current lack of scientific information and knowledge in the use 
 22 
of OWTS, the inclusion of stakeholders throughout the development of the framework 
allowed the transfer of knowledge and scientific advances achieved. The initial identification 
of sensitive areas in relation to OWTS was undertaken in discussions with the stakeholders. 
Several areas as shown in Figure 3.1were identified as highly sensitive due to environmental 
and public health issues. The identification of sensitive areas was achieved through the 
assessment of factors such as unsatisfactory soil and site characteristics, contamination of 
water resources, failing systems or high densities of OWTS. These identified areas formed the 
basis for several field investigations and assessments as discussed in Chapters 4 and 5. 
 
The next stage in the project was to develop a logical progression from the identification of 
sensitive areas through to the processes of hazard identification, risk assessment and 
management, framework development and finally the implementation of the framework into 
the GCCC Planning Scheme. Based on the information received from the various 
stakeholders, a Logic Model as described by McLaughlin and Jordan (1999) was developed as 
shown in Figure 3.2. The model outlines the logical sequences to identify the required 
outcomes from the project and the steps to be followed to successfully to achieve these 
outcomes. This allowed the stakeholders to visualise how the project was to be formulated 
and developed, through to the conducting of field investigations and the analysis of collected 
data. It also allowed the identification of various stages at which the communication and 
transfer of scientific information and outcomes back to the stakeholders was crucial.  
 
3.3 Hazard Identification and Characterisation  
The final stage in project formulation was to identify the key hazards that were significant for 
the region. Although all hazards need to be taken into consideration, the identification of the 
most significant hazards allowed the focus of the research to be conducted towards the main 
concerns in the research area. The key hazards identified are described in Table 2.2. From the 
identification of the hazards involving OWTS siting and design, public health and 
environmental impacts, several initial criteria, including soil suitability, planning and setback 
distances that reflected these hazards were selected. A preliminary risk assessment was 
undertaken to develop an initial risk map for the region. The criteria and the resulting map are 
provided in Table 3.1 and Figure 3.3 respectively. The initial risk map enabled the 
identification of other potentially sensitive areas. These sensitive areas were subsequently 
utilised for investigations and development of the risk framework.  
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Figure 3.1: Areas within Gold Coast Region initially identified as sensitive  
to OWTS and resultant environmental and public health issues 
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Figure 3.2: Logic model showing the logical sequences from project formulation to implementation of risk framework  
for Gold Coast City. 
Better management of 
OWTS and reduction of 
environmental and public 
health risks 
 
Short term 
Integration of Risk 
Framework into appropriate 
standards and codes 
Development of individual 
risk frameworks for 
environmental, public 
health and OWTS risk 
Integrated Risk map for 
OWTS assessment 
Critical Point Monitoring 
Program for critical stressor 
endpoints 
Scientific knowledge of 
effluent renovation 
Data and newfound 
scientific knowledge 
documented 
GIS database development 
for individual risk layers 
Identification of high risk 
areas and important stressor 
endpoints 
More appropriate means of 
assessing suitability of 
OWTS in risk areas 
For academic and 
Industry researchers 
For assessors, 
regulators and local 
authorities 
For assessors, 
regulators, local 
authorities and 
stakeholders 
 
For local authorities 
and management 
personal 
For local authorities 
stakeholders and 
user/owners of 
OWTS 
 
Scientific data and 
research publications 
Environmental, 
Public Health and 
OWTS Risk 
assessment 
GIS database of risk 
assessment 
Identification of 
critical parameters 
and CPM 
Utilisation of Risk 
Framework for 
assessment and 
management OWTS 
Data collection 
analysis and research, 
workshops 
Risk Framework 
development, 
workshops 
GIS database 
development 
Data analysis and 
CPM program 
development 
 
Finalise Risk 
Framework and map 
Workshops and 
stakeholders, project 
partners and funding, 
researchers 
Workshops and 
stakeholders, project 
partners and funding, 
researchers 
Stakeholders, project 
partners and funding, 
researchers 
Stakeholders, project 
partners and funding, 
researchers, 
Management 
Project partners and 
funding, researchers, 
Management 
Resources Activities Outputs For Customers 
Reached 
Short term Intermediate Long term 
Outcomes 
External Influences: Continued research by other individuals and institutions, planning and development of research areas, new technology 
 
Development of integrated 
risk framework 
 25 
Table 3.1: Criteria used for establishing preliminary risk maps 
Soil Criteria 
Risk Criteria Implication 
High • Soils that have imperfect or poor drainage 
ability  
• Hydrosol Soils; soils that are seasonally or 
permanently saturated 
• Soils that have poor drainage inhibit 
the disposal of effluent through the 
soil, which reduces the soils 
renovation ability. 
• Hydrosol soils, although generally 
sandy soils, are saturated, making 
drainage poor.  
Medium • Soils that are moderately well drained 
• Anthroposols (man-made soils) and soils 
which have been altered 
• Moderately well drained soils allow 
slow drainage, which can affect the 
soils renovation ability 
 
Low • Soils that are well drained • Soils that have good drainage, increase 
its ability to renovate effluent 
   
Planning Criteria 
Risk Criteria Implication 
High • Less than 0.4 Ha 
• Urban residential areas developed for 
high-density housing which are provided 
with reticulated water, but utilise on-site 
wastewater systems 
 
• Minimum lot size for developments in 
these residential areas must not be less 
than: 
1. Residential - 400m2  
2. Detached dwellings-600- 2000m2  
3. Village -600m2  
4. Hinterland subdivision -4000m2  
Medium • 0.4 to 4 Ha 
• Park Living  residential areas developed 
for low-density housing with reticulated 
water and utilise on-site wastewater 
treatment 
• Lot sizes must not be less than 8000m2 
minimum and no larger than 4 Ha 
Low • Greater than 4 Ha 
• Rural residential areas utilising both on-
site wastewater treatment and water 
supplies 
• Rural residential areas with lot sizes 
greater than 4 Ha, with maximum lot 
sizes up to 20 Ha 
Sewered • Urban residential areas with high density 
housing with both reticulated water and 
sewerage 
• Research not required in this area. 
 
 
   
Environmental Sensitivity Criteria 
Risk Criteria Implication 
High • Less than 100m from nearest water source • Greater risk of contamination of 
surface water resources from both 
surface and subsurface flow. 
Medium • Between 100 and 500m from nearest water 
source 
• May impose some risk of 
contamination from surface and 
subsurface flow, more likely surface 
flow.  
Low • Greater than 500m from nearest water 
source 
• Minimum risk of contamination of 
water resources. 
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Figure 3.3: Preliminary risk zone map established for Gold Coast Region  
(Risk classifications are determined through integration of assessed criteria) 
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3.4 Conclusions 
Development of the risk based approach to on-site wastewater treatment systems followed the 
generic risk processes as outlined in AS4360: 1999. The initial stage in the implementation 
and formulation of the research project required several important steps to be undertaken. The 
identification of the different stakeholders who had an important role in the development and 
utilisation of the risk framework was necessary and beneficial. The inclusion of stakeholders 
throughout the formulation of the project provided a means of identifying the critical 
parameters that needed to be assessed and to remove any uncertainty as to how the framework 
and risk assessments were to be utilised. Also, by including the stakeholders in the various 
decision making processes in developing the framework, they became part of the 
development process, allowing a more acceptable framework to be developed.  
 
Hazard identification and characterisation was an important step in the overall development of 
the risk framework, with the identified hazards prioritised to determine the most critical 
hazards. Following hazard identification, several criteria reflecting the key hazards identified 
were selected, and a preliminary risk assessment undertaken to develop an initial risk map for 
the Gold Coast region. The initial risk map identified potentially sensitive areas which were 
subsequently utilised for field investigations and data collection in order to develop the final 
risk map. 
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CHAPTER 4.0 
FIELD INVESTIGATIONS 
 
 
4.1 Overview 
Field investigations undertaken needed to ensure that appropriate site selection was achieved 
and suitable sampling techniques developed. Field investigations were conducted to obtain 
relevant information with regards to the three major areas of interest in relation to the 
establishment of the risk–based approach to on-site wastewater treatment including soil, 
groundwater and surface water. Site selection required specific criteria to be developed to 
ensure all fundamental issues associated with OWTS siting, design and treatment 
performance were accounted for, including environmental and public health aspects.  
 
4.2 Soil Sampling and Characterisation  
It was important that the soil information collected was representative of the site and soil 
characteristics particular to each investigated region. The procedures for selecting suitable 
locations for soil sampling and the sampling protocol are detailed below.  
 
4.2.1 Site Selection and Soil Sampling  
Site selection for soil sampling was conducted in three main stages; (i) preliminary 
investigation to obtain samples from specific areas in the Gold Coast region that are described 
as sensitive under various criteria; (ii) detailed investigation for the collection of soil samples 
based on the Australian Soil Classification (Isbell 2002), about which adequate information is 
not available; and (iii) nutrient investigation to collect soil samples specifically targeted at 
identifying areas with high nutrient levels. 
 
Stage 1: Preliminary Soil Investigations 
Preliminary soil investigations were undertaken to assess the overall effect OWTS had on 
different soil types within the study area. Site selection was conducted through a desktop 
study. Sites were selected based on three limiting criteria for identifying sensitive locations 
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within the region. Table 3.2 outlines the criteria and respective limitations adopted. Figure 3.3 
gives the resulting preliminary risk map highlighting the several sensitive areas identified 
through the assessment of these limiting criteria. These sensitive areas were selected for the 
preliminary soil investigations. Seven sampling locations were selected, and a total of 21 
samples collected during the preliminary stage. Figure 4.1 identifies the soil sampling 
locations for the preliminary phase. Table A.1 (Appendix A) provides the results of laboratory 
soil analysis undertaken on collected soil samples. The soil analysis is discussed in Chapter 5. 
 
Stage 2: Detailed Soil Investigations 
Detailed investigations were undertaken to obtain physico-chemical information for soil types 
within the study area for which adequate scientific information was lacking. The main 
purpose was to establish soil suitability classification for the various soil types. Existing soil 
classifications were obtained from Gold Coast City Council and suitable locations were 
identified according to the information needed. Soil sampling locations were first selected 
based on soil type from an existing soil classification map. Sampling locations were then 
checked to ensure that adequate distance between locations was achieved. 21 soil sampling 
locations were selected, as shown in Figure 4.1, with a total of 56 samples extracted for 
analysis. Table A.2 (Appendix A) provides the results of laboratory soil analysis undertaken 
on collected soil samples.  
 
Stage 3: Soil Nutrient Investigations 
The final stage was undertaken to derive physico-chemical information to fill the knowledge 
gaps within the existing soil database. A main objective was to obtain soil information to 
allow identification of areas which may have high nutrient concentrations. Excess nutrients 
supplied to the soil through effluent discharge could exceed the capacity of the soil to 
attenuate nutrients, leading to contamination of groundwater and surface water. Spatial 
distribution was the limiting criteria for this stage, with sampling locations identified where 
limiting soil information was available, with a minimum distance of 10km between sampling 
sites. Existing soil information obtained from GCCC was also utilised in this phase. Table A.3 
(Appendix A) gives the results of the soil analysis undertaken on collected samples.  
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Figure 4.1: Distribution of soil samples collected throughout Gold Coast City for 
assessment of soil suitability for effluent renovation. Sample locations notated with  
(P) Preliminary; (D) Detailed; and (N) Nutrient investigations. 
 
4.2.2 Sampling Protocol 
As shown in Table 4.1, the soil sampling protocol was developed to focus on the ‘zone of 
influence’ in which effluent would generally be treated. This is typically the ‘B’ horizon, as 
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trenches are usually placed below the upper ‘A’ horizon, as depicted in Figure 4.2. However, 
where the ‘A’ horizon was sufficiently deep that it would provide some treatment (> 450mm) 
of effluent, samples were also collected.  
 
Soil samples were obtained by hand auguring to a depth of 1200mm with identification of the 
various soil horizons, as depicted in Figure 4.3. Homogenous samples were collected from the 
upper, middle and lower ‘B’ horizon or if a definite change in soil characteristics and texture 
was observed. Samples were placed in sealable plastic bags, and clearly labelled.  
 
Table 4.1 Soil Sampling Protocol 
Part A – Sample Location at Site 
1. Sampling site descriptions and sample details noted on a sampling checklist (See Appendix B). 
Descriptions included observations on topography, landscape location, vegetation, land use and 
expected soil type. 
2. Coordinates of site recorded by GPS, and street address taken for location purposes. 
3. Sites were located at least 10 metres away from disturbed areas, such as roads, to ensure natural 
soil conditions exist. If anthropogenic activity was unavoidable, for example the use of fill 
material, samples were taken below in order to obtain natural soil conditions. 
4. Photographs of sampling locations and soil profiles should be taken for record purposes and for 
further analysis 
 
Part B – Soil Sampling 
1. Soil samples were taken at changes in Horizon, or significant changes in soil characteristics and 
texture, to a depth of up to 1400mm or to the depth of the ‘C’ Horizon or limiting soil layer 
2. Soil sampling locations sited at least 15m from anthropogenic disturbance ie roads, and 250m 
away from naturally existing landform characteristics such as rivers and creeks. 
3. Samples were collected based on soil horizon and/or changes in soil profile or characteristics.  
4. Extracted soil samples were placed on a white sheet and samples mixed thoroughly to maintain 
homogeneity. One kilogram of soil sample was collected, sealed in plastic bags and clearly 
labelled. 
5. Labels included site number, address and date of sampling. 
6. Changes in soil horizons depths were measured and recorded. 
7. Soil profiles were used to identify soil type by comparison to the Australian Soil Classification 
(Jacquier et al 2000). 
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Figure 4.3: Soil samples collected from different soil horizons  
and changes in soil structure  
4.3 Water Sampling and Characterisation 
Investigations related to environmental and public health risk evolved around the assessment 
of both, ground and surface water quality at monitored locations. To establish risk assessment 
profiles in relation to water quality, it was important to monitor areas that were representative 
of the various land characteristics typically found throughout the Gold Coast region that 
would be utilised for OWTS. This included the consideration of several factors in selecting 
appropriate monitoring locations including site and soil characteristics, densities of OWTS, 
topographic features and depth to groundwater. The areas selected for water quality 
monitoring and the specific reasons for their selection are provided in Table 4.2.  
 
4.3.1 Site Selection, Preparation and Water Sampling 
Selection of appropriate monitoring locations was established through a desktop study of 
relevant information. Groundwater monitoring locations were spatially located throughout the 
selected areas on a regular square grided pattern, with installation of monitoring wells located 
at least 50m away from direct human activity to minimise any contamination. Surface water 
monitoring sites were located both upstream and downstream of selected areas to obtain 
background water quality prior to water entering the monitored area, and leaving the area.  
Surface water locations were also located at approximately 500m spacing, depending on 
access, throughout the monitored region. Figures 4.4 give the monitoring locations for ground 
and surface water.  
A Horizon 
B Horizon 
C Horizon 
Sample taken 
from A horizon 
if > 450mm 
Sample taken at 
changes in soil 
structure 
and/or texture 
Sample taken 
from major B 
horizon 
12
00
m
m
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Table 4.2: Water quality monitoring locations and selection characteristics 
            System Usage % 
Monitoring 
Location Major Soil Classification Soil Renovation Suitability Landscape 
Depth to 
Groundwater 
OWTS 
Density   
sys/km2 
Septic 
System 
Aerobic 
System 
Cabbage Tree 
Point 
Intertidal Hydrosol,        
Mixture of Brown Dermosol 
and Arenic Rudosol soil 
groups 
Low renovation ability with 
rapid permeability in 
permanently saturated 
conditions 
Flat coastal plains  0.5m 1150 68% 32% 
Jacobs Well Supertidal Hydrosol,     Pockets of Arenic Rudosols     
Low renovation ability with 
rapid permeability in 
permanently saturated 
conditions 
Flat coastal plains 0.5m 740 75% 25% 
Coomera 
Mixture of Intertidal 
Hydrosol, Arenic Rudosol, 
Grey Dermosol, Red and 
Brown Kurosols 
Low - medium renovation 
ability with moderate to high 
permeability and poor to 
moderately well drained soil 
Hilly terrain, 
rising sharpley, 
leveling off into 
flat coastal plains 
0.75 - 10m 1520 76% 24% 
Bonogin 
Red, Yellow and Brown 
Kurosols, with patches of 
Brown Dermosol 
Medium renovation ability 
with moderate permeability 
and well drained soils.   
Undulating hilly 
terrain, leading 
into mountainous 
areas 
0.4 - 4.5m 90-260 38% 62% 
Tallebudgera 
Red, Yellow and Brown 
Kurosols, with patches of 
Brown Dermosol, Yellow 
Kandosl and Red Ferrosol 
soils 
Good renovation ability with 
moderate permeability and 
well drained soils.   
Undulating hilly 
terrain, leading 
into mountainous 
areas 
Groundwater 
not monitored 85 72% 28% 
Lower 
Beechmont 
Red and Brown Ferrosols 
surrounded by Red and 
Yellow Kurosols 
Good renovation ability with 
moderate permeability and 
well drained soil 
Mountainous area 9.25m 557 74% 26% 
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Figure 4.4: Groundwater and surface water monitoring locations used for assessing 
environmental and public health risks 
 
Groundwater 
Groundwater sampling sites were located in the regions shown to be significantly sensitive to 
on-site wastewater treatment systems, as described in Chapter 3. These sensitive areas contain 
high densities of on-site wastewater treatment systems and therefore provided the necessary 
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information needed to undertake a risk assessment. Monitoring wells were installed by 
motorised rotary augers to a depth of approximately 2-7m, depending on the underlying 
hydrogeological features of the area and using 50mm diameter PVC pipes, with a 1.5m well 
screen. 2-3mm pea gravel was used as a filter pack around the screen as depicted in Figure 4.5 
to reduced sediment inflow. Well screens were installed at least 0.5m below the observed 
water table to ensure representative groundwater samples were collected. Security of the wells 
was achieved by installing concrete caps, complete with screwed PVC plastic lids, as shown 
in Figure 4.6.  
 
Figure 4.5: Groundwater monitoring well installation setup 
 
The wells were located to allow an adequate means of collecting data on the quality of the 
water, and also to provide the necessary information required to assess contaminant fate and 
transport. The locations and spacing of wells was based on the density of on-site systems, 
direction of groundwater flow, topographic conditions and proximity to surface water. Sites in 
mountainous regions required more investigation, as the groundwater source is typically 
deeper making installation of wells difficult and expensive. Therefore, existing private 
groundwater bores were used as sampling sites and locations were selected on the same basis 
as for shallow groundwater, although spacing was dependent on the availability. Table D.2 to 
D.16 (Appendix D) provides the results of laboratory analysis undertaken on collected 
groundwater samples from each of the monitoring locations. 
Concrete Security Cap 
50mm φ PVC Pipe 
Well screen: 1.5m minimum 
Slotted 50mm φ PVC Pipe 
 
3-5mm pea gravel backfill 1
.5
m
 
0.
5m
 Well screen placed at least 
0.5m below water table 
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Figure 4.6: Well security achieved by placing sealable concrete caps  
over monitoring wells flush with surface 
 
Surface Water 
Sampling sites were located along waterways in areas identified as sensitive to on-site 
wastewater treatment systems same as groundwater monitoring locations to allow 
identification of possible linkages which may influence the transportation of contaminants. 
Selected surface water monitoring locations are shown in Figure 4.4. Sites were located to 
provide sample collection upstream, spatially throughout and downstream of the identified 
location. This sampling regime allowed information relating to background quality of water 
flowing into the monitoring locations, current conditions as a result of the use of OWTS and 
the transport mechanisms of the various contaminants to be assessed. Table D.2 to D.16 
(Appendix D) provides the results of laboratory analysis undertaken on collected groundwater 
samples from each of the monitoring locations. 
 
4.3.2 Sampling Protocol 
The groundwater and surface water investigations were conducted in two major phases. 
Firstly, an initial sampling program was conducted to ascertain whether any actual risk of 
contamination existed. The data obtained from this initial investigation was characterised and 
the extent of contamination investigated. The second detailed phase involved the collection of 
groundwater and surface water samples on a weekly basis over a four month period. This was 
undertaken in two separate stages to account for wet/dry periods. The wet/dry periods were 
identified based on the average annual rainfall for the Gold Coast region. Protocols were 
developed for the collection of both, ground and surface water samples.  
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Chemical and Microbiological 
The sampling protocol is described in Table 4.3. For groundwater samples, sample collection 
was based on the ‘Water Quality Sampling Manual’ (EPA 1999). The surface water sampling 
protocol was derived from ‘Standard Methods for Water and Wastewater’ (APHA 1999).  
 
Table 4.3: Water Sampling Protocol 
Part A – Sample Location at Site 
1. Site descriptions and sample details noted with descriptions including observations on 
topography, depth to water table, land use, and whether water was tidal or non-tidal. Soil logs 
taken during installation of monitoring wells. 
2. Coordinates of site recorded by GPS. 
3. Groundwater sites located at least 50m from any human activity/disturbance. 
4. Photographs of sampling locations and soil profiles taken for record purposes and for further 
analysis. 
 
Part B – Groundwater Sampling 
1. Monitoring wells flushed three times to develop suitable groundwater flow for sampling. This 
required purging all wells until completely drained, and allowed to recharge.  
2. Groundwater depth recorded for every sampling episode. 
3. All monitoring wells purged to remove stagnant water. Purging conducted using peristaltic 
pump, which was rinsed with detergent and alcohol between purging and sampling. pH and 
EC monitored during purging to identify when fresh groundwater was recharging well. 
4. Groundwater samples collected in sterilised 250mL glass bottles for microbiological analysis, 
and 200mL plastic sampling bottles for chemical analysis, labelled and stored in crushed ice 
for transport back to the laboratory. 
5. Labels included site number, address and date of sampling. 
 
Part C – Surface Water Sampling 
1. Surface water monitoring location coordinates were recorded using GPS, with site 
descriptions and photographs used to locate utilised sampling points to ensure consistent water 
samples were collected from same location. 
2. Surface water samples collected approximately 50cm below water surface. Samples collected 
with a plastic dipping bucket, which was washed with detergent and swabbed with alcohol 
between sampling events. 
3. Surface water samples collected in sterilised 250mL glass bottles for microbiological analysis, 
and 200mL plastic sampling bottles for chemical analysis, labelled and stored in crushed ice 
for transport back to the laboratory. 
4. Labels included site number, address and date of sampling. 
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4.4 Conclusions 
Appropriate site selection is a crucial component in undertaking filed investigations. The sites 
selected needed to be representative of the region. Suitable sites were selected through a 
desktop study assessing key criteria to reflect the necessary requirements for each 
investigation stage. Sites selected for the investigation of water quality and environmental and 
public health risk were located in the regions shown to be significantly sensitive to on-site 
wastewater treatment systems. Obtaining samples during the field investigations required 
protocols to be developed to ensure representative samples were collected.  
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CHAPTER 5.0 
ANALYTICAL PROCEDURES AND DATA ANALYSIS 
 
 
5.1 Overview 
The parameters identified for the analysis of soil, groundwater and surface water samples 
were selected to provide appropriate means of assessing each media. Furthermore, specific 
parameters were selected for risk assessment purposes, due to their influence on fate and 
transport processes and the increased hazards associated with these parameters. Soil 
parameter selection was based on the suite of tests generally carried out for land resource 
evaluation (Rayment and Higginson 1992). These tests have been developed through 
extensive agricultural research and are designed to distinguish between deficient, adequate 
and toxic supply of elements in soil and under degraded and non-degraded soil conditions 
(Peverill et al 1999). 
 
Similar parameters were selected for ground and surface water samples to enable comparisons 
with the soil analysis. Additionally, parameters were selected to allow assessment of both 
environmental and public health risk facets. The testing regime, followed the standard test 
procedures as outlined in APHA (1999). This focused on nutrients for environmental 
assessment and microbiology for public health. For assessing public health, the need to 
adequately source analysed microbiological data back to human, and subsequently OWTS, 
was necessary. Therefore, the bacterial source tracking technique of Antibiotic Resistance 
Patterns was undertaken. The specific tests and analytical procedures undertaken for each 
investigation are described below. 
 
5.2 Soil Analysis 
Table 5.1 provides the analytical methods used for analysing collected soil samples. 
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Table 5.1: Analytical procedures used for assessing soil samples 
Parameter Analytical Method 
pH  Method 4A1: Australian Laboratory Handbook of Soil and Water 
Analysis (Rayment and Higginson 1992) 
pH of 1:5 soil/water suspension at 25°C measured with TPS-81  
pH/EC meter 
Electrical Conductivity (EC)  
 
Method 3A1: Australian Laboratory Handbook of Soil and Water 
Analysis (Rayment and Higginson 1992) 
EC of 1:5 soil/water suspension at 25°C measured with TPS-81 
pH/EC meter 
Chloride ions (Cl-)  Method 5A1: Australian Laboratory Handbook of Soil and Water 
Analysis (Rayment and Higginson 1992) 
Cl- in 1:5 soil/water filtered suspension at 25°C measured using 
4500-Cl-E Automated Ferricyanide Method (APHA 1999) with 
HACH 4000DR spectrophotometer 
Total Kjeldahl Nitrogen   
(TKN = organic + ammonia)  
Digestion of sample:  Wet oxidation method (Kjeldahl 1983) 
Digested sample analysed for TKN using 4500-Norg B (APHA 1999) 
measured using HACH 4000DR spectrophotometer 
Nitrates (NO3-)   Method 7CB1: Australian Laboratory Handbook of Soil and Water 
Analysis (Rayment and Higginson 1992) 
Water Soluble Nitrate of 1:5 soil/water filtered suspension at 25°C  
Measured using 4500-NO3- F Automated Cadmium Reduction 
(APHA 1999) using HACH 4000DR spectrophotometer 
Orthophosphate (PO43-)   
 
Method 9G2: Australian Laboratory Handbook of Soil and Water 
Analysis (Rayment and Higginson 1992) 
Acid extractable phosphate 1:200 soil/0.005M H2SO4 at 25°C   
Measured using 4500-P C Vanadomolybdophosphoric Acid 
Colourmetric method (APHA 1999) using HACH 4000DR 
spectrophotometer 
Total Phosphorus (TP)  Digestion of soil sample:  Wet oxidation method (Kjeldahl 1983) 
Digested sample analysed for TP using 4500-P F Automated 
Ascorbic Acid Reduction (APHA 1999) using HACH 4000DR 
spectrophotometer 
Organic Matter (%OM)   Walkey-Black Method  
Soil oxidised with 50% H2O2 and heated to 1300°C to burn organic 
matter. Weight loss difference equal to organic matter content 
Cation Exchange Capacity (CEC) Ammonium selective electrode method (Borden and Giese 2001) 
Ammonia Standards made as per 4500-NH3 E (APHA 1999) 
Effective Cation Exchange Capacity 
(ECEC) 
ECEC  = exchangeable cations + exchangeable acidity      
 = (Ca + Mg + Na + K) + (Al + H) 
Exchangeable Cations  
(Al, Fe, Mg, Na, Ca and K) 
Measured using Varian AA6 Flame Atomic Absorption 
Spectrophotometer. Acetylene flame used to measure Fe, propane 
used to measure Na and K, and nitrous oxide used to 
measure Ca, Mg and Al 
Exchangeable Sodium Percentage 
(ESP) ESP = (100 x Exchangeable Na
+)/ECEC 
Soil Mineralogy (Clay type) Samples prepared using method developed by Bish and Post (1989)  
Mineralogy determined via X-ray diffraction using Phillips 
PW1050/25 vertical goniometer, with a graphite diffracted 
beam monochromator 
Particle Size Distribution:                             
Percent Clay (%C), Silt (%Si) and 
Sand (%S) 
Determined from Soil mineralogy fractions (%S = % Quartz; %C = 
∑% Clay fractions eg. %Kaolinite, %Illite, %Smectite; %Si = 
remainder of soil fractions not accounted for in %S & %C) 
measured using X-ray Diffraction 
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5.3 Water Analysis 
5.3.1 Chemical Analysis of Water Samples 
Table 5.2 provides the analytical methods used for analysing ground and surface water 
samples for chemical parameters. 
 
Table 5.2: Procedures for analysing water samples for chemical parameters 
Parameter Analytical Method 
pH   Measured using TPS-81 pH-conductivity meter 
Electrical Conductivity (EC)   Method 2520-Conductivity (APHA 1999) using TPS-81 pH-conductivity meter 
Chloride ions (Cl-)  Method 4500-Cl
-E Automated Ferricyanide Method (APHA 1999) 
with HACH 4000DR spectrophotometer 
Total Kjeldahl Nitrogen  
(TKN = organic + ammonia)  
Digestion of sample:  Wet oxidation method (Kjeldahl 1983) 
Digested sample analysed for TKN using 4500-Norg B (APHA 1999) 
measured using HACH 4000DR spectrophotometer 
Nitrates (NO3-)  
Method 4500-NO3- F Automated Cadmium Reduction (APHA 
1999) using HACH 4000DR spectrophotometer 
Orthophosphate (PO43-)   
Method 4500-P F Automated Ascorbic Acid Reduction (APHA 
1999) 
Total Phosphorus (TP)  
Digestion of sample:  Wet oxidation method (Kjeldahl 1983) 
Digested sample analysed for TP using Method 4500-P F 
Automated Ascorbic Acid Reduction (APHA 1999) using HACH 
4000DR spectrophotometer 
Total Organic Carbon (TOC) Measured using Shimadzu TOC-5000A.    
 
5.3.2 Microbiological Analysis of Water Samples 
Table 5.3 provides the analytical methods used for analysing collected ground and surface 
water samples for microbiological parameters. 
 
5.3.3 Sample Collection and Determination of Antibiotic Resistance Patterns 
Isolate Enumeration 
Collected water and fecal samples from known sources for developing the source library were 
tested using membrane filtration techniques, as described in Table 5.3. Isolation of E. coli 
from fecal samples obtained from known sources was achieved by adding 1.0g of fecal matter 
or 1.0 mL of effluent sample to 100mL of sterile buffered dilution water (0.0425g/L KH2PO4 
and 0.4055g/L MgCl2 in 100mL distilled water) and vortexing for one minute (APHA 1999). 
Serial dilutions of 10-2 and 10-4 were prepared in buffered dilution water, and 1mL, 10mLs 
and 90mLs of the 10-4 dilution were filtered for analysis. 
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For collected water samples, sample volumes ranging from 0.1mL to 100mL were filtered to 
permit countable numbers of colonies on each plate. Membrane Filter Technique was 
performed for both fecal and water samples, with enumeration of confirmed E. coli for ARP 
analysis as described in Table 5.3.  
 
Table 5.3: Procedures used for analysing water samples for microbiological parameters 
Parameter Analytical Method 
All microorganisms   
Method 9213-E Membrane Filter Technique (APHA 1999) 
Appropriate dilutions filtered using 0.45mm, 47mm grided filter 
membranes (Millipore Corporation, Bedford, Massachusetts) to 
allow countable numbers of colonies on filter membrane. Filter 
membranes transferred to perti-pads soaked in applicable medium 
outline below. 
Heterotrophic Plate Count (HPC) 
  
Water samples analysed via Membrane Filter Technique.  
Filter membranes transferred to petri-pads soaked in m-
Heterotrophic Plate Count medium (Millipore Corporation, Bedford, 
Massachusetts). Filtered samples incubated at 37°C for 24 hours. All 
colony growth counted as HPC. 
Total Coliforms (TC)  
Water samples analysed via Membrane Filter Technique.  
Filter membranes transferred to petri-pads soaked in m-Endo broth 
(Millipore Corporation, Bedford, Massachusetts). Filtered samples 
incubated at 37°C for 24 hours. Dark colonies growing on m-Endo 
broth were counted as Total Coliforms. 
Faecal Coliforms (FC)  
Water samples analysed via Membrane Filter Technique.  
Filter membranes transferred to petri-pads soaked in m-Endo broth 
(Millipore Corporation, Bedford, Massachusetts). Filtered samples 
incubated at 37°C for 24 hours. Colonies identified with a golden 
sheen were counted as Faecal Coliforms. 
Escherichia coli (E. coli)  
Water samples analysed via Membrane Filter Technique.  
Identified FC (colonies observed with golden sheen) were sub-
cultured onto nutrient agar plates, and additionally tested for Indole 
reaction (growth in Tryptone water at 37°C for 24 hrs followed by 
addition of Kovac’s Indole reagent) and growth in Brilliant Green 
Lactose Bile Broth (BGLBB – Eijkmann test). Positive reactions in 
both tests were recorded as confirmed E. coli.  
Antibiotic Resistance Pattern Analysis 
(ARP)  
Confirmed E. coli isolates were selected for ARP profiling. 
Confirmed E. coli isolates were inoculated into nutrient broth and 
incubated for 18 hrs at 37°C. Subsequent broths diluted to 0.5 
MacFarland Standard in fresh nutrient broth. Diluted isolates were 
placed in multipoint inoculator cups (Denley Multipoint Inoculator 
A400) and inoculated on a series of 32 antibiotic treated agar plates 
(8 antibiotics x 4 concentrations). Plates were incubated at 37°C for 
24 hours.  
Note: For detailed explanations of data analysis and antibiotic 
resistance profiling see Section 7.4.1. 
 
E. coli isolates were analysed for their resistance to eight different antibiotics at four different 
concentrations. Antibiotic stock solutions were prepared from available commercial 
antibiotics (Sigma Chemical Co. St Louis) and applied to sterile trypticase soy agar (TSA) 
prior to pouring into 150mm sterile petri dishes. Each petri dish contained one specific 
concentration of each antibiotic. The antibiotics used and their respective concentrations were 
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as follows; Amoxicillin (5, 10, 15 and 20 µg/L); Cephalothin (10, 25, 50 and 100 µg/L); 
Erythromycin (20, 50, 100 and 200 µg/L); Gentamicin (20, 40, 60 and 80 µg/L); Ofloxacin (5, 
10, 15, and 20 µg/L); Chlortetracycline (20, 40, 60 and 80 µg/L); Tetracycline (20, 40, 60 and 
80 µg/L); and Moxalactam (5, 10, 15 and 20 µg/L). These antibiotics were chosen due to their 
common use in human and domesticated animals. 
 
Confirmed E. coli isolates were inoculated into nutrient broth and incubated for 18 hours at 
37°C. Subsequent broths were diluted to 0.5 MacFarland Standard in fresh nutrient broth. The 
diluted isolates were placed in multipoint inoculator cups (Denley Multipoint Inoculator 
A400) for inoculation onto a series of 32 antibiotic plates (8 antibiotics, 4 different 
concentrations), plus one TSA medium blank. Plates were incubated at 37°C for 24 hours.  
 
5.3 Data Analysis 
5.3.1 Multivariate Analysis 
Soil and water analysis can be complex, and generally a large amount of data is generated. 
This makes it difficult to manipulate or evaluate the resulting data using univariate analysis. 
This problem can be overcome by the use of multivariate statistical approaches whereby large 
volumes of data can be processed for exploring and understanding relationships between 
different parameters. This is achieved through the procedures of pattern recognition, 
classification and prediction. Additionally, the use of multicriteria decision making aids, such 
as PROMETHEE and GAIA, allows the inclusion of selection, optimisation and decision 
making principles into the multivariate processes. This can be beneficial, as not only are the 
respective relationships between parameters identified, but adequate decisions can be 
formulated based on these correlations. The multivariate approaches utilised for assessing the 
data obtained through soil and water investigations consisted of three common methods. 
 
Principal Component Analysis (PCA) 
PCA is a multivariate statistical data analysis technique which reduces a set of raw data into a 
number of principal components which retain the most variance within the original data to 
identify possible patterns or clusters between objects and variables. Detailed descriptions of 
PCA can be found elsewhere (Massart et al 1988, Adams 1995; Kokot et al 1998). After 
decomposition of the raw data matrix, principal components (PC’s) are chosen so that PC1 
describes most of the data variance, followed by PC2 which retains the next largest amount of 
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data variance but which is orthogonal to PC1. This means that PC2 is independent of PC1. 
The advantage of PCA is that most of the data variance is contained within the first few PC’s, 
reducing the dimensionality of the multivariate data matrix (Kokot et al 1998).  
Objects (in this case soil and water samples) that retain similar variances in the analysed 
variables will have similar PCA scores which will cluster together when plotted. Likewise, 
relationships between variables can be easily identified by the respective coefficients. 
Strongly correlated variables will generally have the same magnitude and orientation when 
plotted, whereas uncorrelated variables are typically orthogonal (perpendicular) to each other. 
Clusters of object data and their respective relationships with the analysed variable can clearly 
be seen when respective scores and coefficients are located on a biplot. This allows respective 
relationships between analysed variables and respective objects to be identified. 
 
Discriminant Analysis (DA) 
To assess the ability of the different soil types for renovating effluent, DA was employed to 
discriminate between major soil characteristics influencing the relevant processes. DA is a 
multivariate statistical analysis technique where a data set containing ‘X’ variables is 
separated into a number of pre-defined groups using linear combinations of analysed 
variables. This allows analysis of their spatial relationships and identification of the respective 
discriminative variables for each group (Wilson 2002). Similar to PCA, objects that retain 
similar variances in the analysed variables will have similar discriminant scores and when 
plotted will cluster together. Similarly, strongly correlated variables will also have the same 
magnitude and orientation when plotted, whereas uncorrelated variables will be orthogonal 
(perpendicular). Visualising these biplots is similar to the PCA biplot.  
 
There are two main functions for which DA is commonly employed. Firstly, it is used to 
analyse the differences between two or more groups of multivariate data using one or more 
discriminant functions in order to maximally separate the identified groups. Secondly, DA can 
be employed to obtain linear mathematical functions which can be used to classify the 
original data, or new, unclassified data, into the respective groups (Brereton 1990). Both 
techniques were utilised in this research. 
 
PROMETHEE and GAIA 
PROMETHEE and GAIA are multicriteria decision making (MCDM) aids that rank actions 
according to specific criteria and thresholds. The details of PROMETHEE and GAIA are 
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described elsewhere (Visual Decision Inc. 1999; Keller et al 1991), and therefore only a brief 
summary is provided here. PROMETHEE uses a pair-wise comparison system in which each 
action (soil sample) is compared to all other actions one-by-one defined by the preference 
functions, with thresholds and weights adopted by the decision-maker. PROMETHEE 
establishes preference flows (Φ) for each action and ranks these based on the preference 
flows. Partial ranking (PROMETHEE I) utilises the Φ+ and Φ- preference flows for ranking 
the actions. The positive flow, Φ+, determines the degree to which each soil sample is 
preferred over other samples, with higher positive values receiving a higher rank. The 
negative flow Φ- determines the degree to which other soil samples are preferred over a 
particular sample. However, if samples have conflicting flows or preferences, they are 
considered incomparable in the PROMETHEE I. The net flow Φ (Φ = Φ+ - Φ-), also called the 
Pi score, represents the complete ranking (PROMETHEE II) of samples, with higher flow 
values ranked more highly. PROMETHEE I and II rankings were analysed to establish which 
soils were more suitable for effluent renovation ranking (Visual Decision Inc. 1999). 
 
GAIA provides a visual representation of the ranking methods of PROMETHEE, utilising a 
PCA technique. PCA is applied to the net preference flows (Φ), and a biplot or GAIA plane, 
of the first two PCs is developed. Although no initial pre-treatment of data is needed to be 
undertaken, the preference functions established by PROMETHEE act to normalise the data, 
thereby providing some pre-treatment of the initial data. An additional feature of the GAIA 
plane is the incorporation of the Pi decision axis. Its orientation emphasises which criteria and 
actions are more dominant in the analysis (Visual Decision Inc. 1999). 
 
5.4 Conclusions 
In assessing the different risk facets involved in the risk framework, an in-depth 
understanding of the physical, chemical and microbiological parameters and their interactions 
was crucial. The laboratory analysis of collected soil and water samples were conducted 
following standardised methods to ensure accuracy in the determination and assessment of the 
physical, chemical and biological processes occurring within the soil and water media.  
 
The field investigations conducted through this research generated a significant amount of 
data for multiple variables. The analysis of this data using univariate analysis techniques 
would require a significant amount of time to analyses. This problem was overcome by the 
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use of multivariate statistical techniques, where large data arrays with multiple variables can 
be analysed, allowing the exploration of the relationships between different variables from 
multiple sites. The multivariate techniques utilised included Principal Component Analysis, 
Discriminant Analysis and Multicriteria Decision Making aids of PROMETHEE and GAIA. 
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CHAPTER 6.0 
SOIL SUITABILITY ASSESSMENT FOR EFFLUENT RENOVATION 
 
6.1  Overview 
The Gold Coast region has a diverse range of soil types as shown in Figure 6.1. The most 
prominent soil is the Kurosol group, as classified under the Australian Soil Classification 
(Isbell 2002), which constitutes approximately 52% of the area. This is significant in relation 
to effluent treatment and dispersal, as Kurosol soils, previously categorised as podsolic soils 
and soloths, (including some red and yellow earths) under earlier soil classifications (Stace et 
al 1968) were considered inappropriate for effluent dispersal (Nobel 1996). The other 
problem soils with respect to OWTS are the Podosol and Tennosol soil groups, which 
constitute a majority of the soils along the coastal fringes. These are sandy soil, and although 
providing suitable dispersal properties, generally have minimal pollutant attenuation and 
removal characteristics. The remaining soil groups found in the Gold Coast hinterland region 
consist of a mixture of Ferrosols, Dermosols, and Kandosols soils with minor areas of 
Sodosols, Rudosols and Organosols.  
 
The main focus of the soil research was to identify which of the common soil types in the 
region were suitable for providing adequate renovation of effluent for on-site systems. The 
research conducted consisted of field investigations and laboratory analysis of collected soil 
samples from the different soil types found within the region. The outcomes were 
incorporated into a framework for soil suitability for effluent renovation (Carroll et al 2004). 
 
6.2 Soil Sample Collection 
Physico-chemical data used for establishing the suitability of soil for effluent renovation was 
collected from 49 sampling sites within the project area, as described in Chapter 3.0, and 
supplemented with data already available. Soil samples were collected from the B horizon to 
a maximum depth of 1200 mm from each of the sampling sites. This was to ensure the 
samples would be representative of the ‘zone of influence’ of a typical subsurface treatment 
field. As subsurface disposal trenches are typically installed at a depth of approximately 450 
mm, the soil most predominant in renovating effluent is the B horizon.  
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Figure 6.1: Soil association of Gold Coast City  
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6.3 Soil Analysis 
Soil samples were tested for pH, electrical conductivity (EC), chloride concentration (Cl-), 
cation exchange capacity (CEC), organic content (%OC) and particle size distribution 
(percent sand (%S) and percent clay (%C). Additionally, the CEC/Clay ratio (CCR) (Shaw et 
al 1998) was calculated from the derived parameters. CCR provides an indication of the type 
of clay present in the soil. Ratios < 0.2 represent kaolinite clays, 0.3-0.5 indicate illite clays 
and >0.8 indicate smectite clays. Values in between represent clays of mixed mineralogy. Soil 
permeability and drainage characteristics, were also assessed for each sample using soil 
particle size analysis and soil texture characteristics.  
 
The soil parameters selected for analysis also provided an indication of a soil’s ability to 
provide renovation of applied effluent, particularly in relation to the removal of nutrients and 
pathogenic organisms. pH, EC and Cl- are good indicators of effluent movement through the 
soil matrix. Typically, for soils in South East Queensland, an increase in these parameters are 
generally observed where effluent has been applied, thereby allowing the extent of effluent 
movement to be traced through the soil. CEC and %OM are both important in determining 
soil renovation ability. Higher levels of both parameters can appreciably influence the 
renovation processes (Khalil et al 2004).  
 
6.4 Data Analysis 
Soil data extracted included %C, K, pH, EC, Cl-, CEC and CCR and %OC. A Principal 
Component Analysis (PCA) was conducted to determine which soil types were highly 
correlated with each other and the selected variables. The results from the analysis were used 
to structure the preference functions and threshold information for use with the multi-criteria 
decision-aid methods of PROMETHEE and GAIA.  
 
To obtain rankings for soil renovation ability using PROMETHEE, specific preference 
functions and threshold values had to be selected and identified for the analysis. V-shape and 
linear preference functions were utilised in this analysis as depicted in Figure 6.2. The 
selection of appropriate preference threshold values were established through the assessment 
of key limiting soil parameters which have an influence on effluent renovation and dispersal 
processes. These limiting parameters include pH, EC, CEC, %OM, %C and K. The specific 
criteria used for the assessment of these limiting parameters and establishment of preference 
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threshold values are provided in Table 6.1. The variables, preference functions and thresholds 
values used for determining the rankings for soil renovation ability are provided in Table 6.2.  
 
Figure 6.2: Preference Functions used for multivariate analysis  
(Visual Decision Inc, 1999) 
 
For EC, and CEC, a v-shape function was used as these variables only required a simple 
linear ranking system, with higher values generally receiving a preference of 1. For EC, 
however, rankings were minimised for the analysis as lower values were considered more 
suitable. This was based on the fact that higher EC values may lead to salinity problems under 
effluent application. Preference thresholds P, were determined by subtracting the smallest 
data value from a maximum threshold value considered as providing the highest level of 
performance. %C, pH, %OC and CCR were ranked based on linear preference functions with 
upper (P) and lower (Q) thresholds as described in Table 6.1. P thresholds where established 
by the same means as for the v-shape functions. The Q threshold, however, was taken as an 
appropriate level at which any difference below the threshold was considered as negligible. 
Finally, all criteria were equally weighted to remove any bias towards a particular variable 
over the remaining variables. 
 
In the case of permeability, values used for preference thresholds focused on adsorption 
processes (Table 6.1), with lower permeability values considered more suitable by allowing 
more time for cation exchange processes to take place (Hartmann and others 1998), with a 
better renovation achieved. However, for a soil to renovate effluent, it must be able to 
percolate through the soil at a satisfactory rate, whilst providing suitable time for adsorption 
processes to occur. Therefore, values higher than 1m/day or lower than 0.001m/day were 
considered unsuitable for effluent renovation. The preference thresholds, P and Q were set to 
ensure that K values exceeding these levels would receive a preference of 0 while values in 
between these thresholds would be ranked higher. 
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Table 6.1: Criteria used for establishing preference threshold values for determining soil renovation suitability, permeability and 
drainage. 
Hazard: Soil (S)    
Factor: Renovation Ability (r)   
Limiting Factors Range Soil Renovation Suitability Comments 
pH < 4.5 Poor to Moderate 
Soil pH < 4.5 relate to strongly acid soils. This can lead to an increase in the availability of Al3+ and 
other toxic metal cations. These ions can eliminate some of the biological activity beneficial for 
renovating effluent. This may result in inefficient attenuation and removal of pollutants 
 4.5-8.0 Good 
Soil pH within this range is considered suitable for providing adequate effluent renovation. Lower pH 
levels are considered more beneficial to offset the higher pH of effluent. Additionally, lower pH can 
increase the effectiveness of pollutant removal, particularly in the case of phosphorus. 
 > 8.0 Poor Soil pH > 8.0 is inappropriate for adequate effluent renovation. Alkaline soils generally have high carbonate levels, which can substantially affect vegetative growth 
Electrical Conductivity 
(EC) <2 dS/m Good  
EC <  2dS/m in soil is recommended for effluent renovation. Effluent typically has increase water 
soluble salts. These will inevitably increase the salinity levels in soil over time. Therefore, lower EC is 
recommended to offset salinity problems. 
 2-4 dS/m Moderate  
EC levels between 2 and 4 dS/m provide moderate conditions for renovation suitability.  Lower values 
in this range are more appropriate, with EC levels increasing due to long term effluent application. 
However, salinity effects will generally be negligible. 
 >4 dS/m Poor Application of effluent onto soils with EC > 4dS/m will result in increase salinity issues after long term application. This can cause soil dispersion, resulting in failure of the dispersal system.  
Cation Exchange Capacity 
(CEC) >40 meq/100g Good 
CEC is one of the most important factors related to soil renovation suitability. CEC a measure of the 
amount of cations that can be exchanged, which is directly related to the level of charges available on 
the clay particles and organic matter. Higher soil CEC provides more favourable conditions for 
attenuating and removing effluent pollutants.   
 10-40 meq/100g Moderate 
CEC between 10-40 meq/100g provide moderate ability for exchange pollutants, particularly nutrients. 
Higher values are more appropriate. 
 < 10 meq/100g Poor 
Soils which have a CEC < 10 meq/100g do not have the necessary requirements to provide suitable 
renovation of effluent. Low CEC levels ultimate allows effluent to pass through the soil untreated, 
causing contamination issues. 
Organic Matter (%OM) >10% Good High organic matter can provide an increase in the soil CEC level due to the high amount of exchange site available. Subsequently, higher levels of organic matter are more beneficial. 
 2-10% Moderate Soils with %OM within this range provide slight increases in the soils CEC. 
 <2% Poor 
%OM lower than 2% typically have little effect on soil CEC. These soils generally have low structural 
stability, such as sands, which typically retain low CEC values due to low clay content, making them 
inappropriate for renovating effluent. 
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Table 6.1 (Cont): Soil and Permeability Criteria 
Hazard: Soil (S)    
Factor: Renovation Ability (r) (cont.)   
Limiting Factors Range Soil Renovation Suitability Comments 
Clay Content (%Clay) >50% Good Clay content >50% result in higher CEC (depending on clay type), beneficial for effluent renovation.  
 10-50 Moderate Soils with medium clay contents provide moderate renovation ability. 
 <10% Poor Low clay contents typically signify a sandier soil. As such, these soils generally have low CEC values, resulting in poor renovation of effluent. 
Permeability (k1) 0.005-0.5 m/day Moderate to Good 
Suitable soil permeability is necessary for effluent dispersal, but permeability also affects the 
renovation process. Permeability within this range allows an appropriate amount of retention time for 
effluent in the soil to undergo the required attenuation and removal processes. Slower permeability’s 
are more suitable for renovation processes, but consideration must be given for dispersal mechanisms. 
 >0.5 and <0.005 m/day Poor 
Permeability’s > 0.5 m/day do not allow sufficient time for the attenuation and removal processes to 
occur, resulting in increased transport of pollutants through the soil. Additionally, surface irrigation 
systems are not appropriate, as high permeability reduces the effectiveness of the soil to retain water. 
Permeability’s <0.05m/day are do not allow the effluent to percolate through the soil, resulting in the 
hydraulic failure of dispersal areas.  
 
 
   
Hazard: Soil (S)    
Factor: Permeability (p)    
Limiting Factors Range Soil Renovation Suitability Comments 
Permeability2 > 0.5 m/day  Good 
Soils with higher permeability are suitable for the dispersal of effluent. This reduces the failure of 
dispersal areas as a result of hydraulic overloading. Caution must be given to soils with rapid 
permeability, as these can lead to contamination issues.  
 0.005-0.5 m/day Moderate 
Soils with permeability in this range moderately suitable, allowing effluent to be dispersed 
appropriately. However, low permeability’s will reduce ability of the soil to disperse applied effluent. 
 <0.005m/day Poor Soil permeability < 0.05m/day inappropriate for effluent dispersal, resulting in hydraulic overloading. 
1Permeability related to effluent renovation (attenuation and removal processes) 
2Permeability related to soil dispersal mechanisms 
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Table 6.1 (cont): Drainage criteria 
Hazard: Soil (S)    
Factor: Drainage (d)    
Limiting Factors Range Soil Renovation Suitability Comments 
Drainage Well drained Good Well drained soils suitable for effluent application, allowing effluent to drain through soil for dispersal. 
 Moderate to well drained Moderate 
Moderate to moderately well drained soils are suitable, but caution must be given to the soil 
permeability or presence of limiting features, such as water tables. 
 
Imperfect to 
poorly drained 
(permanently 
saturated) 
Poor 
Poorly drained soils will not allow effluent to percolate through the soil, resulting in ponding on the 
soil surface. Additionally, shallow water tables will allow effluent to move untreated into the 
groundwater, causing contamination concerns. 
 
 
Table 6.2: Preference Functions, threshold values and general statistics used in PROMETHEE analysis 
 
 
 
 
 
 %C k pH EC Cl- CEC OC% CCR 
Function  linear linear linear v-shape v-shape v-shape linear linear 
Min/Max Max Min Min Min Min Max Max Max 
P 50 1 3 1000 500 100 50 5 
Q 10 0.001 0.1 1 1 1 10 0.2 
Unit % m/day  uS/cm mg/Kg meq/100g %  
Weight 1 1 1 1 1 1 1 1 
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6.5 Multivariate Analysis 
6.5.1 PCA 
PCA was conducted using the variables of %C, K, pH, EC, Cl-, CEC and CCR and %OC.  
Although %OC was initially included in the multivariate analysis, it was later removed due to 
an analytical bias towards Organosol soil. Organosols by nature have significantly high 
organic content, and as such the Organosol samples were observed to retain most, if not all of 
the data variance associated with %OC. The PCA resulted in 77.4% of the data variance being 
contained in the first three components. Figure 6.3 provides a scores, loadings and biplot of 
the PCA analysis. The scores plot (Figure 6.3a) provides a graphical representation of clusters 
of soils with similar physico-chemical properties. The respective loadings or ‘weights’, and 
loadings plot of the analysed soils provide an indication of the correlations between the 
different variables. Table 6.3 gives the PC loadings for the seven variables where the 
correlations between specific variables can be identified. This is shown graphically in Figure 
6.3b. Vectors situated closely together represent variables that are highly correlated while 
orthogonal vectors represent variables that are uncorrelated. 
 
Table 6.3: PC loadings from principal component analysis 
Variable PC1 PC2 PC3 
%S 0.4932 -0.1107 -0.0253 
%C -0.5493 0.0040 -0.0017 
K 0.5493 -0.0475 -0.0470 
pH 0.1743 -0.0249 -0.5215 
EC -0.0374 0.4728 -0.3701 
Cl- -0.0670 0.3389 -0.6170 
CEC -0.0704 0.6195 0.3495 
CCR 0.3345 0.5123 0.2919 
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Figure 6.3: Results of PCA analysis for derived soil data; a) Scores plot of soil samples 
showing developed clusters, b) Loadings plot of analysed variables, and c) Biplot of PC1 
versus PC2. Legend: (#) Developed Soil Clusters Notation: Final letter in soil notation 
refers to greater soil group as follows: (F) Ferrosol; (D) Dermosol; (S) Sodosol; (Ch) 
Chromosol; (K) Kandosol; (Ku) Kurosol; (R) Rudosol; (T) Tenosol; (P) Podosol; (H) 
Hydrosol; (O) Organosol; (V) Vertosol. 
 
The PCA analysis produced some typical results in relation to the correlations between the 
variables and soil classifications. As shown in Figure 6.3a and 6.3c, the soils with higher clay 
content retained positive scores on PC1, with sandier soils falling directly opposite. Soils that 
retained a high CEC value fell positively on PC2, consistent with the samples retaining higher 
EC and Cl- values. The permeability K, of the soil is shown to be closely correlated with the 
%S and negatively correlated with %C. This is not surprising as the chlorides and other 
cations will adsorb to exchangeable sites, increasing the level of exchangeable ions contained 
in the soil. With high levels of salt ions in the soil (in this case chloride ions), it is evident that 
the EC level will also increase.  
 
The PC loadings given in Table 6.3 (shown in bold), shows that PC1 is closely associated 
with the soil physical parameters of %S, %C, K, and to a lesser extent pH, although %C is 
negatively correlated with these variables. The second component PC2 however, is more 
Fig 6.3c 
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closely associated with the chemical parameters of EC, Cl-, CEC and CCR. The resulting 
biplot (Figure 4c) shows the relationship between particular soil types and the variables 
analysed. Appropriately, %S is highly correlated with the Tenosol group, as they possess the 
highest content of sand. Likewise, %C is correlated with the Ferrosol, Dermosol, Vertosol, 
Sodosol groups. CCR is shown to be highly correlated with the Hydrosol and Podosol groups. 
This is mainly due to these soils having average CEC values and very low clay percentages, 
which in turn provides large CCR values for these soils. However, as CCR is related to the 
clay type, it is possible that the small percentage of clay contained in the Podosol and 
Hydrosol soils are smectite-type clays which do have higher adsorption ability and will 
therefore produce a higher CEC value. However, it would be more likely that these soils have 
a mixed clay mineralogy consisting of smectites and kaolinite clays.  
 
The major outcome derived from the PCA analysis in relation to soil ability to renovate 
effluent are the clusters developed between soils that retain similar properties and 
characteristics, as depicted in the scores plot in Figure 6.3a. Major soil clusters include: (1) 
Ferrosols, Dermosols and Sodosols, (2) Chromosols and Vertosols, (3) Kandosols, Kurosols 
and Rudosols, (4) Hydrosols and Podosols and (5) Tenosols. The Kandosol and Kurosol soils, 
however, are widely scattered, having a much higher variance on PC2 than other soils. This is 
primarily related to the varying content of clay generally present in these soils. The organosol 
soil is closely related to the Kandosols, but as the %OC was not removed in this analysis; the 
other physical and chemical characteristics associated with the soils indicated that the 
organosol was similar to the Kandosol soil group. However, due to the high CEC value of the 
organosol soil as a result of its high organic content, it is shown to be highly correlated with 
CEC. The Chromosol soil group (cluster (4)) is highly variable on PC2. This is related to the 
varying CEC levels and %C typically common to this soil type. Chromosol soils are 
essentially identified by abrupt changes in the amount of clay through the soil profile. The 
small grouping of Chromosol soils on the bottom of the scores plot represents soils with very 
low CEC values. Correlations between specific soil clusters and the variables can also be 
identified in the biplot. CEC, EC and Cl- are highly correlated with clusters (1) and (4), 
although the %C, which is highly correlated with clusters (1) and (2), does reduce the 
correlation of CEC with these clusters, to a minor extent. 
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6.5.2 PROMETHEE and GAIA 
From the PROMETHEE analysis, patterns or clusters in the ranking were identified, and to a 
lesser extent followed similar patterns as the PCA analysis, although some minor variations 
were evident. These variations were related to the preference functions and threshold values 
adopted. As an example, permeability was shown to be highly correlated with %C, as it was 
minimised to account for the fact that lesser permeable soils are considered to provide higher 
renovation ability than highly permeable soils. Therefore, from the ranking of the soil data, 
specific soil types can be seen to function more appropriately in terms of effluent renovation 
than others. Table 6.4 provides the partial and complete rankings determined from the 
preference flows produced from the PROMETHEE analysis. From the PROMETHEE II 
complete ranking (Φnet), and PROMETHEE I partial ranking (Φ+ and Φ-), specific clusters of 
soils are shown to be more highly ranked than others. Although the PROMETHEE II 
complete ranking provides a rank for each soil sample, the partial ranking determined via 
PROMETHEE I provided more beneficial results by highlighting clusters of soils that are 
similarly ranked as well as soils which were considered not comparable with other soils.  
 
The GAIA plot shown in Figure 6.4 provides a graphical representation of the various clusters 
formed. The Pi axis in the GAIA plane represents the direction of the more highly ranked 
soils. Ferrrosol and Dermosol soils are the most highly ranked, and therefore they cluster 
closely towards the Pi axis. In contrast, the Tenosol group clearly clusters in the opposite 
direction. The soil clusters identified through the PROMETHEE analysis in order of their 
preference are as follows: (1) Ferrosols and Dermosols; (2) Chromosols; (3) Kandosols, 
Kurosols and Rudosols; (4) Organosols; (5) Vertosols and Sodosols; (6) Podosols and 
Tenosols; and (7) Hydrosols.  
 
As the results of the PCA and PROMETHEE analysis provided similar patterns, a ranking 
outlining which soil types perform best in regard to effluent renovation was established. From 
the multivariate analysis, Ferrosol and Dermosol soils provided the most evidence of 
suitability for locating OWTS due to their high renovation ability. This relates to their high 
CEC values and clay content, which typically consist of smectite type clays (CCR >0.8) 
(Baker and Eldershaw 1993) which are suitable as they provide greater cation exchange and 
therefore contaminant adsorption characteristics. As such, the suitability of a soil for 
renovating effluent is mostly dependant on the CEC, which in turn relies on the type of clay 
(represented by the CCR factor) as well as the organic content. This is shown from the PCA 
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analysis where CEC and %OC are highly correlated, with both showing some correlation with 
the CCR value.  
 
Table 6.4: Partial and complete preference flows and rankings for the first data set 
Note: For soil sample notation, refer to Soil Physico-chemcial data in Appendix A 
Soil 
Sample 
Phi 
Plus 
Phi 
Minus 
Phi Net Ranking Soil 
Sample 
Phi 
Plus 
Phi 
Minus 
Phi Net Ranking 
SH1 0.2264 0.2409 -0.0145 48 BKu3 0.1112 0.0733 0.038 30 
B-OT1 0.1083 0.302 -0.1937 92 BCh10 0.1119 0.1015 0.0104 40 
LT1 0.145 0.3057 -0.1608 90 BKu4 0.1066 0.1431 -0.0365 67 
GCh1 0.1714 0.055 0.1164 17 RCh3 0.1097 0.0612 0.0485 28 
RF1 0.2401 0.054 0.1862 6 BCh11 0.089 0.0829 0.0061 42 
RF2 0.1672 0.0452 0.1219 14 BKu5 0.1431 0.067 0.0761 23 
YKu1 0.157 0.0594 0.0976 20 BCh12 0.1079 0.0724 0.0355 31 
LR1 0.1273 0.1208 0.0065 41 YCh3 0.0666 0.1024 -0.0359 66 
HR1 0.1802 0.2051 -0.0249 57 GCh2 0.0642 0.1012 -0.037 68 
HR2 0.1654 0.3135 -0.148 89 GCh3 0.1096 0.086 0.0237 37 
GKu1 0.1389 0.0712 0.0676 25 GCh4 0.0721 0.1016 -0.0295 59 
SH2 0.0814 0.3306 -0.2492 96 RK2 0.0543 0.135 -0.0807 82 
RH1 0.0953 0.1704 -0.0751 79 BrD3 0.1338 0.0642 0.0696 24 
IH1 0.0572 0.3089 -0.2517 97 GKu2 0.0628 0.1092 -0.0465 72 
BrD1 0.2382 0.0557 0.1825 7 YK2 0.0669 0.1457 -0.0788 81 
BS1 0.1329 0.1701 -0.0372 69 YK3 0.0507 0.1356 -0.0848 83 
YK1 0.1624 0.0615 0.101 19 RV1 0.0967 0.1182 -0.0215 55 
LR2 0.2484 0.1208 0.1276 13 YCh4 0.0578 0.1108 -0.053 75 
RF3 0.3239 0.0186 0.3053 1 B-LT1 0.091 0.2797 -0.1887 91 
RKu1 0.3169 0.0448 0.2721 3 YK4 0.0527 0.1309 -0.0782 80 
BrF1 0.2952 0.0295 0.2658 4 YK5 0.0653 0.116 -0.0507 73 
BrF2 0.3125 0.0268 0.2857 2 YCh5 0.0632 0.0946 -0.0314 61 
BrD2 0.1668 0.0604 0.1063 18 BrD4 0.1639 0.0465 0.1173 16 
HO1 0.2066 0.0695 0.1371 12 RK3 0.0899 0.1023 -0.0124 47 
SP1 0.1847 0.3258 -0.1411 88 YK6 0.0756 0.1074 -0.0319 63 
SP2 0.0563 0.3001 -0.2438 94 YCh6 0.1848 0.0651 0.1197 15 
B-OT2 0.0465 0.2937 -0.2471 95 RV2 0.114 0.0792 0.0348 32 
CT3 0.0623 0.2736 -0.2113 93 YK7 0.0794 0.1002 -0.0208 53 
RCh1 0.1034 0.1427 -0.0393 70 CR1 0.2216 0.0844 0.1372 11 
BCh1 0.0822 0.0901 -0.0079 46 GCh5 0.0698 0.0978 -0.028 58 
BCh2 0.0949 0.0816 0.0133 39 RK4 0.1986 0.043 0.1556 9 
RCh2 0.097 0.1866 -0.0896 84 RK5 0.2145 0.047 0.1675 8 
RS1 0.121 0.2516 -0.1306 86 RK6 0.2818 0.0595 0.2222 5 
GS1 0.0749 0.2061 -0.1313 87 YK8 0.1216 0.062 0.0595 26 
RK1 0.131 0.1018 0.0292 33 YK9 0.0532 0.1168 -0.0636 77 
BKu1 0.0552 0.1083 -0.0531 76 YK10 0.1433 0.064 0.0792 22 
BCh3 0.0696 0.0873 -0.0177 49 GS2 0.1111 0.0821 0.0291 34 
RF4 0.1121 0.0847 0.0274 36 YCh7 0.0897 0.0762 0.0135 38 
RF5 0.1651 0.0774 0.0877 21 RK7 0.2393 0.0905 0.1487 10 
YCh1 0.0837 0.0786 0.0051 43 BrD5 0.1577 0.0994 0.0584 27 
BS2 0.1377 0.4006 -0.263 98 BrKu1 0.0592 0.1295 -0.0702 78 
BCh4 0.0831 0.0887 -0.0056 45 LR3 0.071 0.0908 -0.0198 52 
YCh2 0.0692 0.1027 -0.0335 64 BrK2 0.0642 0.1911 -0.1269 85 
BCh5 0.0717 0.093 -0.0213 54 GKu3 0.0721 0.103 -0.0309 60 
BCh6 0.1252 0.0787 0.0465 29 YK11 0.0729 0.1075 -0.0346 65 
BCh7 0.0677 0.1076 -0.0399 71 YCh8 0.0709 0.0903 -0.0195 51 
BCh8 0.0729 0.0923 -0.0194 50 BrCh1 0.0714 0.0942 -0.0227 56 
BCh9 0.1012 0.0725 0.0287 35 RCh4 0.0815 0.0813 0.0002 44 
GD1 0.067 0.0987 -0.0317 62 BrCh2 0.0699 0.1213 -0.0514 74 
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Figure 6.4: GAIA plot of PROMETHEE analysis highlighting seven major soil clusters. 
Legend: () Soil Samples; () Analysed variables; (#) Developed soil clusters; For soil 
notation refer to Figure 4 
 
However, care must be taken in considering soil which retains high organics, such as 
Organosols. High levels of organic content can be water repulsive, thus reducing the drainage 
ability (Harper and others 2000; Ferreira and others 2000). Chromosol soils provide the next 
most significant ranking, due to the amount of clay available. Kandosol, Kurosol and Rudosol 
soils also ranked quite high, although their distribution on both PC1 and PC2 are fairly 
scattered. However, in assessing these soils, the %C needs to be determined as these soils can 
have varying amounts of clay, as shown by the large distribution around the %C variable. The 
most significant of these soils, however, are the Kurosols. Kurosols are typically acidic soils, 
and therefore have significant characteristics in relation to soils renovation ability. Due to the 
lower soil pH arising from the acidic conditions, Kurosols can provide higher CEC values as a 
result of the increase in aluminium and iron content (Edwards 1985). This will largely depend 
on the percentage of clay in the soil, and those with higher percentages will be more suitable. 
Podosol and Tenosol soils ranked significantly lower than the other soils due to the relatively 
higher percentage of sand and permeability rates. Therefore, these soils will filter out large 
suspended matter, with the least ability for high levels of adsorption of effluent pollutants. 
Decision Stick Pi 
(7) 
(6) 
(2) 
(4) 
(1) 
(3) 
(5) 
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Lastly, Hydrosol soils ranked lower than all other soil types. This results from the permanent 
or seasonally saturated soil conditions typical of Hydrosols which not only increases the risk 
of contamination from OWTS, but also increases desorption of already adsorbed pollutants. 
 
6.6 Permeability and drainage  
To classify permeability K, average values for each soil type was adopted as a generalised 
value to establish an initial suitability level for each soil. As permeability is not only strongly 
related to soil characteristics, but also to site conditions, it is difficult to provide a specific 
range of values for particular soil types. Characteristics such as cracks and animal burrows, 
soil depth and large pores can significantly influence permeability, making it difficult to 
predict accurate K values from one site to another. Table 6.5 presents statistical parameters 
used for the permeability of each soil type based on available data. Soil drainage 
classifications used for assessing soil suitability were adopted from McDonald et al (1998). 
These were established based on soil texture and particle size distribution data.  
 
Table 6.5: General statistic for permeability (K) classifications 
Soil Type K mean   m/day 
K St. Dev.  
m/day 
K max   
m/day 
K min     
m/day 
Ferrosol 8.386E-04 2.202E-03 7.980E-03 1.596E-05 
Dermosol 1.339E-04 1.617E-04 5.229E-04 1.894E-05 
Chromosol 4.495E-02 1.677E-01 1.322E+00 5.724E-05 
Kandosol 8.782E-02 5.638E-01 3.870E+00 4.775E-05 
Kurosol 4.061E-02 1.929E-01 1.059E+00 1.498E-05 
Rudosol 1.066E-01 2.314E-01 7.861E-01 1.211E-03 
Organosol 3.706E-04 3.161E-04 5.941E-04 1.471E-04 
Sodosol 2.028E-03 5.766E-03 1.839E-02 2.620E-05 
Vertosol 8.426E-05 6.538E-05 1.819E-04 4.405E-05 
Podosol 1.046E+00 7.186E-01 2.037E+00 2.020E-02 
Tenosol 4.819E+00 1.340E+00 5.905E+00 2.141E+00 
Hydrosol 4.745E-01 7.098E-01 2.261E+00 3.868E-03 
 
6.7 Soil suitability ranking 
The established classifications for effluent renovation ability, permeability and drainage 
formed the basis for developing the framework for determining the suitability of specific soils 
for effluent renovation. The process has been developed such that when the necessary 
information is determined, the suitability can be established by the use of a standard scoring 
system as described by Karlen et al (1994). Figure 6.5 illustrates the framework developed. 
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Soil Type Ability Criteria 
Ferrosol 
Dermosol 1 Soils with a high renovation ability due to high CEC values and clay contents. 
Chromosol 2 
Soils with a good renovation ability due to medium CEC values. Percentage clay must 
be determined, as these soils can have highly variable percentages, with abrupt 
increases through the profile. Chromosol soils with small clay percentages will provide 
less renovation ability due to lower CEC, and may fall into lower categories.  
Kandosol 
Kurosol   
Rudosol 
3 
Soils with medium renovation ability, generally due to slightly higher sand contents, 
but still retain a suitable CEC. Care must be taken with Rudosol soils to ensure there 
is adequate soil depth to provide sufficient renovation ability.  
Organosol 4 
Soils with high renovation ability, primarily due to organic content. However, high 
levels of organic material can repel water, lowering the drainage, and therefore 
renovation ability. Nutrient levels are also commonly high due to the organic material 
Sodosol 
Vertosol 5 
Soils with low renovation ability due to the sodic conditions causing soil dispersion 
(Sodosol) or extremely high plastic shrink/swell clays (Vertosol) that result in poor 
permeability and drainage ability. 
Podosol 
Tenosol 6 
Soils with poor renovation ability due to low CEC values and clay contents. Typically 
coarse grained sandy soils that have good drainage and permeability, resulting in 
poor exchange processes with effluent constituents. 
Hydrosol 7 Soils with very poor renovation ability, with low CEC and clay content. Renovation ability is severely worsened due to shallow groundwater.  
   
Permeability Suitability Criteria 
Very Slow                 
Ks < 0.005 
m/day 
3 
Permeability of water vertically through soil horizon very slow. Usually a clay or silty 
clay texture. Very poorly suited for effluent renovation as water can not percolate 
through soil, therefore not providing adequate exchange ability between soil and 
discharged effluent.   
Slow                          
Ks = 0.005-0.05 
m/day 
1 
Permeability of water is slow with vertical percolation taking a week or more to 
dissipate. Soil structure usually massive or moderate grade, with a clay or silty clay 
texture.  Soil provide a moderate renovation ability, increasing as the permeability 
increases as a better exchange capacity (CEC) is available as water move more 
easily through soil.  As such, higher permeability’s (up to 0.05m/day) will provide more 
suitable conditions for effluent renovation. 
Moderate                  
Ks = 0.05-0.5 
m/day 
2 
Permeability of water is moderate only required a number of days to dissipate through 
the soil profile. Soil has a moderate structure with visible pores and channels. Soil 
permeability is suitable for effluent renovation, providing suitable time for exchange 
processes to occur reducing the amount of mobile contaminants. However, ability 
reduces as permeability increases, as higher permeability’s will provide only surface 
exchange sites as water passes more quickly, and not inter-aggregate sites.   
High                          
Ks > 0.5 m/day 3 
Permeability of soil is high, requiring a few hours to allow water to permeate through 
the profile. Soil texture is usually sandy, with visible pores and cracks. Soil effluent 
renovation ability is significantly reduced as the permeability increases. 
   
Drainage Suitability Criteria 
Rapid 1 
Water is drained rapidly, with water moving rapidly to underlying highly permeable 
material. Soils are coarse textured, or shallow or both. Soil only remains wet for 
several hours. 
Well 2 
Water is readily, but not rapidly drained from the soil. Excess water flows vertically 
with much resistance into underlying moderately permeable material. Soils have a 
medium texture and remain wet only for several days.  
Moderate 3 
Drainage of water is moderate, due to a low permeability, lack of gradient or a shallow 
water table, or a combination of these. Soil are typically coarse-textured and remain 
wet for approximately only one week 
Imperfect 4 Water is drained only slowly, with soils remaining wet for several week. Soils may be mottled or possess rusty appearance.  
Poor 5 Water is drained very slowly in relation to the supply. Soil horizons may be gleyed, mottled or possess rusty appearances. Soil remains wet for periods of months. 
Very Poor 6 Drainage of water is so slow, that water table remains at or near the surface for most of the year.  
 
 
 
 
Figure 6.5: Established framework for soil suitability for effluent renovation 
 
Overall Soil Suitability for Effluent Renovation 
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For the different types of soil in the study region, a less is better function was adopted, where 
each value is divided by the highest possible value such that the highest value will receive a 
score of 1 (Andrews et al 2002). Similarly, a less is better scoring function was adopted for 
the scoring of drainage characteristics according to soil type. However, for permeability, the 
optimum function was adopted as lower soil permeability will provide better effluent 
renovation processes than highly permeable soils as more time is available for contact with 
soil particles and therefore enhanced opportunities for cation exchanges to take place 
(Hartmann et al 1998). Higher K values on the other hand, only allow sufficient time for fast 
surface exchange processes to occur, resulting in reduced opportunity for effluent renovation.  
 
The overall suitability scoring for the different soils types in the study area are outlined in 
Table 6.6. From these results, Chromosol and Kurosol soils were found to be more suitable 
for effluent renovation than the Ferrosol and Dermosol soils. However, there was only a 
minor difference in suitability between the first six soil types, following which a sharp 
decrease in overall renovation ability was evident. Hydrosol and Vertosol soils were found to 
provide the least overall suitability for effluent renovation. 
 
Table 6.6: Soil Suitability Rankings for Effluent Renovation 
Soil Classification Soil Suitability Description 
Chromosols 
Kurosols 1 
Good renovation ability with medium permeability 
and well drained soils.   
Ferrosols 
Dermosols 2 
Good renovation ability with poor to medium 
permeability and well drained soil 
Kandosols 
Rudosols 3 
Medium renovation ability with medium to high 
permeability and moderately well drained soil 
Podosols 
Tenosols 4 
Low - medium renovation ability with high 
permeability and poor to moderately well drained soil 
Organosols 5 Very good renovation ability with slow permeability and poorly drained soil 
Vertosols 
Sodosols 6 
Good renovation ability with slow to medium 
permeability and poorly drained soil 
Hydrosols 7 Low renovation ability with rapid permeability in permanently saturated conditions. 
 
The most important aspect highlighted by the suitability framework is that a soil’s ability to 
both, renovate and adequately dispose of discharge effluent is dependant on a number of 
factors that all need to be considered together. Consequently, along with the soil’s ability for 
effluent renovation, both permeability and drainage characteristics are also highly significant 
in determining soil suitability. The permeability values used for assessing soil suitability in 
the study region with the developed framework considers both rapid and very slowly 
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permeable soils least suitable for renovating wastewater. Accordingly, values higher than 
1m/day and lower than 0.001m/day were considered unsuitable and received a zero score. The 
optimum value which was taken as the median value of the range between the extremes was 
given a score of 1, with all other values scored on either as more is better or less is better. 
Both soil suitability and drainage were assessed using the more is better scoring function.  
 
Although the Ferrosol and Dermosol soils were found to be the most capable of effluent 
renovation, their overall suitability can significantly reduce according to permeability and 
drainage classifications. Likewise, for the Chromosol soils, although their renovation ability is 
slightly less, their overall rating was found to be more suitable than all the other soils. These 
findings agree with research undertaken by Dawes and Goonetilleke (2003) where it was 
found that Ferrosol, Dermosol and Chromosol soils provided better treatment of effluent. 
However, care must be taken with Chromosol soils due to it common abrupt textural changes. 
Soils with high %C can create a restrictive horizon, consequently reducing infiltration and 
causing effluent to move laterally. Soils with a restrictive horizon less than 0.4m from the 
surface do not provide adequate purification of effluent (Dawes and Goonetilleke 2003).  
 
6.8 Soil Suitability Mapping 
For developing the soil risk zones based on suitability rankings, the suitability indices were 
divided based on the following conditions; (i) soils that had medium to good renovation, with 
medium permeability and well drained - low risk; (ii) soils with medium renovation ability, 
medium to high permeability and moderately well to well drained - medium risk; and (iii) 
soils with poor to good renovation ability, low or high permeability, and poor to moderately 
well drained - high risk. The separation of the high risk soils was determined on a ‘worse 
case’ scenario, defined through the combination of unsuitable soil renovation ability, 
permeability and drainage criteria, or based on individual criteria due to extreme cases, such 
as very low permeability or poor drainage. The established risk zones were incorporated into 
a GIS database and subsequently developed into a risk map highlighting the respective soil 
risk for Gold Coast City as shown in. Figure C.1 (Appendix C).  
 
6.9 Soil Nutrient Assessment 
Additionally, it was also considered necessary to investigate soil nutrient regimes (namely for 
nitrogen and phosphorus) and develop risk zones showing the areas that retained high levels 
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of nutrients. This could be detrimental to the use of OWTS as the excess nutrients supplied to 
the soil through effluent discharge could exceed the capacity of the soil to attenuate nutrients, 
leading to the contamination of groundwater and surface water.  
 
The acceptable levels of nutrients within the soil were assessed on the adopted nutrient level 
regimes commonly used in agriculture. Table 6.7 provides the acceptable nutrient levels 
utilised in the development of soil risk zones. To establish the risk zones for nutrient levels 
based on these criteria, the respective nitrogen and phosphorus concentrations obtained from 
the soil investigations were input into a GIS database. Nutrient risk zones were calculated by 
kriging (using an inverse distance weighting model) between established data points using a 
maximum likelihood model. These established nutrient risk zones are given in Figure C.2 and 
Figure C.3 (Appendix C) respectively. In determining the final soil risk zones, both the soil 
suitability and nutrient risk were combined to account for the cumulative risk. The final soil 
suitability risk classifications are depicted in Figure 6.6. 
 
Table 6.7: Acceptable nutrient levels utilised in the development of soil risk zones 
  Risk Levels   
Nutrient Low Medium High Comments 
Nitrogen <0.2% 0.2-0.3% >0.3% Typical soil nutrient 
ratings as specified in 
ANRA for agriculture Phosphorus <0.003% 0.003-0.005% >0.005% 
 
6.10 Conclusions 
The ranking of the various soil types provided a means of assessment of the ability for 
effluent renovation. These rankings, coupled with permeability and drainage soil factors, have 
been employed in developing a soil suitability framework for siting and designing OWTS. It 
was evident from the multivariate statistical analysis that a strong correlation exists between 
CEC, %C and %OC, which are the primary parameters shown to influence the effluent 
renovation ability of a soil.  
 
The permeability characteristics of different soil types are also significant, as this influences 
not only how rapidly the discharged effluent percolates through the soil matrix, but also has 
an important role in cation exchange and adsorption processes. From the developed 
framework, it was found that although Ferrosol and Dermosol soils have the highest 
renovation ability, the permeability and drainage characteristics reduced their overall 
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suitability. Chromosol and Kurosol soils were found to have the best overall renovation 
ability, followed closely by the Ferrosol and Dermosol soils, and then the Kandosol and 
Rudosol soils. The sandy soils were found to have the least renovation ability, with Hydrosols 
retaining the lowest ability for providing adequate attenuation and removal of contaminants.  
 
Figure 6.6: Final soil suitability risk classifications for Gold Coast City 
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 CHAPTER 7.0 
ENVIRONMENTAL AND PUBLIC HEALTH RISK ASSESSMENT  
 
 
7.1 Overview 
Contamination of water resources as a result of poor treatment performance of OWTS can 
have serious environmental and public health impacts. Increased nutrient loads into surface 
waters can cause nutrient enrichment, resulting in eutrophication and algae blooms. Apart 
from the environmental degradation of water resources and the resulting aesthetic water 
quality issues, this can also cause public health hazards. High levels of nitrate in drinking 
water sources is regarded as a public health issue, causing health related impacts such as 
methaemaglobinamenia (Blue Baby Syndrome), development of carcinogenic nitrosamines 
(cancerous cells developed through bacterial production N-nitroso compounds), increased 
infant mortality, and changes to the immune system (Fewtrell 2004, Bouwer and Idelovitch 
1987). Additionally, faecal contamination as a result of inadequately treated effluent 
transported to water resources is also of critical concern to public health. This chapter 
discusses the results of the field investigations conducted to assess the environmental and 
public health impact of OWTS in the Gold Coast region. 
 
7.2 Field Investigations and Monitoring 
For assessing areas for their sensitivity to effluent dispersal, field investigations involving 
ground and surface water monitoring was undertaken. Site selection, sampling and analysis 
have been discussed in Chapters 3 and 4. Monitoring of selected locations was conducted 
over a four month period to obtain suitable information to allow adequate characterisation of 
each monitored location. Monitoring locations are detailed in Table 4.2 All collected samples 
were analysed for pH, EC, Cl-, NO3-, NO2-, TKN, TN, PO43-, TP, FC, E. coli. Enumerated E. 
coli isolates were additionally used for source tracking faecal contamination through the 
utilisation of Antibiotic Resistance profiles. Assessment of the sensitivity of monitored 
regions to OWTS was achieved through determining the probability of measured parameters 
exceeding stipulated water quality guidelines outlined by NHMRC (1996) and ANZECC 
(2000). The adopted water quality guidelines used for assessment are provided in Table 7.1. 
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Table 7.1: Concentrations threshold values used for risk assessment 
Issue Parameter Response Guideline values (threshold) Reference 
Environmental NO3—N  General Water Quality 10mg/L ANZECC (2000) 
 Eutrophication* ≤ 40µg/L – Freshwater Rivers 
≤ 15µg/L – Estuaries ANZECC (2000) 
PO43-- P General Water Quality No Guidelines  
 Eutrophicationa ≤ 50µg/L – Freshwater Rivers 
≤ 30µg/L – Estuaries ANZECC (2000) 
Public Health Faecal 
Coliforms  Drinking water 
0 cfu/100mL 
 
NHMRC (1996) 
ANZECC (2000) 
 
Primary Contact 
(recreation, 
swimming) 
≤ 150 cfu/100mL ANZECC (2000) 
 Secondary Contact irrigation, boating ≤ 1000 cfu/100mL ANZECC (2000) 
E.coli Drinking water 0 cfu/100mL NHMRC (1996) ANZECC (2000) 
 
Primary Contact 
(recreation, 
swimming) 
≤ 150 cfu/100mL  
 Secondary Contact (irrigation, boating) ≤ 1000 cfu/100mL  
NO3—N  Drinking (ingestion) 10mg/L 
NHMRC (1996) 
ANZECC (2000) 
 
7.2 Influencing Factors  
The movement of pollutants from OWTS into ground and surface water are influenced by a 
number of physical and chemical processes. The critical environmental factors that impact on 
contaminant fate and transport include temperature, solar radiation, dissolved oxygen, 
organics, salinity and competition from other organisms (Noble et al 2004, Serrano et al 
1998). These factors have been investigated in detail in numerous studies (Wetz et al 2004, 
Noble et al 2004). However the focus of these studies has been either on individual factors or 
on specific groups to assess their impact on the fate of the contaminant in question, or their 
impact on the specific transport mechanisms.  
 
Although environmental factors play an important role, anthropogenic factors can also 
significantly influence contaminant fate and transport. An important issue is the specific site 
and soil characteristics which influence effluent treatment. The most critical factor that 
influences these mechanisms is the soil and, some soils do not provide adequate renovation 
ability. This situation can be further aggravated by high densities of on-site systems. The 
research conducted, (Carroll and Goonetilleke 2005 and Carroll et al 2005) identified several 
factors which significantly influence the fate and transport of contaminants. The most 
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significant factors were found to be soil type and its attenuation and dispersal characteristics, 
density of OWTS and the proximity to or setback distances of urbanised areas from water 
resources.  
 
However, though these factors were found to be influential in the transportation of 
contaminants away from effluent dispersal areas, their cumulative effect combined with 
environmental factors such as rainfall, were found to be more influential on the fate and 
transport of contaminants than any individual factor alone. Hence, the combined effect of all 
analysed variables needs to be considered when assessing the contamination of ground and 
surface waters.  
 
7.3 Environmental Risk Assessment 
Environmental risk was determined based on the assessment of nitrate and phosphate 
contamination of surface and groundwater at monitored sampling locations. The data obtained 
is provided in Appendix D (Tables D.1 to D.2). Two studies conducted through this research; 
Carroll and Goonetilleke (2004) and Carroll et al (2004), confirmed substantial contamination 
of water resources as a result of high densities of OWTS. The studies indicated that 
significant nitrate and faecal contamination of shallow groundwater aquifers were evident in 
urban developments using OWTS. Additionally, the influence of high densities of OWTS also 
impacted on the adjacent estuarine surface waters, with both faecal contamination and 
elevated nitrate and phosphate concentrations above stipulated water quality guidelines 
(ANZECC 2000). 
 
The overall assessment of sensitivity and environmental risk was determined through the 
probability of analysed contaminants exceeding stipulated water quality guidelines. The 
adopted threshold values used in this assessment were those specified in the ANZECC (2000) 
water quality guidelines for aesthetics. This threshold values also relate to the limiting 
concentrations needed to cause nutrient enrichment and eutrophication of water resources. 
Table 7.1 provides the adopted guideline values employed in the environmental risk 
assessments. In establishing the respective probabilities for failing the threshold values, 
cumulative lognormal probability functions for nitrate and phosphate were fitted to the 
analysed data, as depicted in Figure 7.3a – d. Table 7.2 provides the probabilities determined 
for the corresponding monitoring locations used in the assessment of environmental risk.  
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Figure 7.1: Cumulative probability distributions for monitoring locations for (a) nitrate in groundwater;  
(b) phosphate in groundwater; (c) nitrate in surface water; and (d) phosphate in surface water.  
Fig 7.3(c) Fig 7.3(d) 
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Table 7.2: Calculated probabilities of nutrients exceeding adopted water quality guidelines 
    Contaminant NO3-       PO43+       
 Water ARL1: 10 mg/L    ARL:         50 µ g/L (Fresh) 30 µ g/L (Marine) 
Location Source 
Mean, µ  
mg/L 
St. Dev. 
σ CDF2 P3(c>t) % 
Mean, µ  
mg/L 
St. Dev. 
σ CDF 
P(c>t) 
% 
Cabbage Tree Ground 23.140 19.978 L 77.4   4.195 5.387 L 100 
Point Surface 6.248 3.011 N 9.5  2.665 4.437 L 100 
                      
Jacobs Well Ground 43.734 46.214 L 89.8  16.075 7.408 L 100 
 Surface 8.623 4.311 L 29.1  5.675 5.177 N 100 
                      
Coomera Ground 58.953 57.110 L 96.2  17.985 8.967 N 100 
 Surface 9.260 4.944 L 34.3  4.246 1.944 N 100 
                      
Bonogin Ground 58.530 49.890 L 97.8  8.190 8.551 L 100 
 Surface 7.323 2.711 N 16.2  11.192 5.899 L 100 
                      
Beechmont Ground 8.745 3.080 N 34.2  3.257 2.216 L 100 
                      
Tallebudgera Surface 6.929 2.484 N 10.8  14.951 7.674 N 100 
1Acceptable Risk Level (ARL) 
2 Cumulative Probability Density Function (CDF); L – Log-Normal distribution, N-Normal distribution. 
3 Probability of exceeding stipulated water quality guidelines, or ARI 
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7.4 Public Health Assessment 
Microbiological contamination of water resources is of particular importance with regards to 
the appropriate assessment and management of OWTS. The most common method for 
assessing water quality in relation to public health is through the use of faecal indicators, 
commonly faecal coliforms and Escherichia coli (E. coli). Although pathogenic organism 
themselves provide more appropriate information regarding the risk to public health, the time 
and costs associated with the enumeration of these organisms, are far in excess compared to 
enumeration of faecal coliforms. Consequently, the use of faecal indicators is commonly used 
to assess the microbiological water quality in relation to faecal contamination. This leads to 
several significant issues which need to be adequately considered. Although confirming that 
faecal contamination is apparent, indicators may not accurately portray the transportation and 
survival of pathogenic organisms they are intended to show. This is compounded by the fact 
that the faecal indicators could be from a variety of sources including agricultural sources, 
wild and domesticated animals and effluent treatment facilities (Kelsey et al 2004).  
 
An aspect generally not undertaken in most water quality assessments is the identification of 
the sources of faecal bacteria. In order to perform a more robust public health risk assessment, 
Antibiotic Resistance Pattern (ARP) analysis of enumerated E. coli isolates was undertaken in 
this research. ARP evaluates the resistance of selected faecal bacteria isolates to a number of 
antibiotics. The underlying assumption being that due to the increased use of antibiotics by 
humans and domesticated animals, isolated E. coli bacteria from these host sources will have 
higher resistance than that of wild animals (Wiggins 1996). The ARP technique required a 
library of known E. coli isolates. E. coli from the investigated water samples were tested for 
their ARP and compared to the known source library and categorised. The results were 
analysed statistically using multivariate discriminant techniques to separate the respective 
patterns into source groups (Section 7.4.1). 
 
The assessment of public health risk involved two major stages. Firstly, collected 
groundwater and surface water samples were analysed for faecal coliforms (FC) and 
confirmed Escherichia coli (E. coli). An initial public health risk assessment was conducted 
on the obtained E. coli counts against the acceptable threshold values for drinking water and 
for primary and secondary contact, as outlined in ADWG (2000) and ANZECC (2000). This 
allowed an assessment based on faecal indicators which are typically used for assessing faecal 
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contamination of water resources. Cumulative log normal probability distribution functions 
were fitted to the collected FC and E. coli data and are provided in Figure 7.4a and 7.4b for 
groundwater and surface water respectively.  
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Figure 7.2a: Cumulative probability distributions for E. coli for groundwater 
monitoring locations 
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Figure 7.2b: Cumulative probability distributions for E. coli for surface water 
monitoring locations 
 
The calculated risks (probabilities) for public health based on FC and E. coli counts are given 
in Table 7.3. However, the actual source of faecal contamination based on simple faecal 
indicators such as FC and E. coli, may have originated from several sources. The use of ARP 
allowed a reduced uncertainty in assessing public health risks. The percentage of human E. 
coli was subsequently used to assess the risk to public health from OWTS. This was achieved 
by reducing the number of E. coli counts in the analysed water samples by the identified 
percentage of human source E. coli isolates. The corresponding public health risks established 
on this basis are given in Table 7.3.  
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Table 7.3 Calculated probabilities of Total and human E. coli exceeding adopted water quality guidelines 
    Contaminant E. Coli   Drinking Water Primary Contact Secondary Contact 
     
Total          
E. coli2  
Human          
E. coli3 
Total         
E. coli  
Human        
E. coli 
Total       
E. coli  
Human        
E. coli 
 Water ARL1:     0   0 150   150 1000   1000 
Location Source 
Mean, µ 
mg/L 
St. Dev. 
σ CDF4 P5(c>t) %  P(c>t) % P(c>t) %  P(c>t) % P(c>t) %  P(c>t) % 
Cabbage Tree Ground 152 586 L 100.0   31.0 33.2   10.3 1.0   0.1 
Point Surface 170 250 L 100.0  63.4 33.7  21.4 6.4  1.4 
                            
Jacobs Well Ground 72 105 L 100.0  35.1 5.9  2.1 1.0  0.1 
 Surface 45 79 L 100.0  16.7 5.4  0.9 0.0  0.0 
                            
Coomera Ground 564 700 L 100.0  77.6 81.3  63.1 14.4  9.1 
 Surface 329 567 L 100.0  66.7 53.3  35.6 6.3  2.2 
                            
Bonogin Ground 250 631 L 100.0  38.2 36.5  13.9 4.6  0.6 
 Surface 164 147 L 100.0  42.4 39.4  16.7 5.3  0.9 
                            
Beechmont Ground 1 1 L 100.0  1.0 0.0  0.0 0.0  0.0 
                            
Tallebudgera Surface 101 60 L 100.0  35.8 16.0  5.7 5.0  0.3 
                            
1 Acceptable Risk Level (ARI) 
2 Total E. coli at monitoring locations 
3 Total Human E. coli categorised through Antibiotic Resistance Pattern analysis 
4 Cumulative Probability Density Function (CDF); L – Log-Normal distribution, N-Normal distribution. 
5 Probability of E. coli concentration, c exceeding stipulated risk level threshold (ARI) 
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7.4.1 Antibiotic Resistance Analysis for sourcing OWTS contamination 
A total of 64 water samples were collected on a fortnightly basis over a four month period 
from each of the ground and surface water monitoring locations. This allowed the collection 
of samples during both, the drier winter period following into the spring wet season. All 
samples were analysed on the same day of collection. Analysis techniques for E. coli isolate 
enumeration were conducted in accordance with APHA (1999), as described in Chapter 5. 
 
The development of the known isolate source library was initially to allow discrimination 
between human versus non-human E. coli isolates. However, due to the diverse number of 
sources collected from different non-human sources, a preliminary discrimination between 
human, domestic animals, livestock and wild E. coli isolates was also undertaken.  
 
7.4.2 Development of Source Library  
To develop the source library of known E. coli isolates, samples were collected from human 
and the primary non-human sources of fecal matter within the respective catchments. Five 
fecal samples were collected directly from humans in order to ensure that actual human E. 
coli isolates were obtained. Two additional human fecal samples were also collected from a 
public septic tank system, as well as from a municipal wastewater treatment plant. Major non-
human fecal sources included livestock, domestic and wild animals observed near monitoring 
locations. Nineteen samples representing the three major sources of domesticated animals in 
both catchments, including dogs, cats and poultry were collected. Additionally, fifteen 
livestock fecal samples representing beef and dairy cows, horses and goats were obtained 
from agricultural farms. Eighteen fecal samples representing five wild animal sources were 
also collected. Sources included kangaroo, wallaby, koala, possum, and waterfowl. All these 
sources were observed in the monitored areas during the period of water sampling. 
 
7.4.3 Antibiotic Resistance  
E. coli isolates were analysed for their resistance to eight different antibiotics at four different 
concentrations as provided in Table 7.4. These antibiotics were chosen due to their common 
use in human and domesticated animals. Enumerated E. coli isolates (known and unknown) 
were inoculated to a series of 32 antibiotic plates (eight antibiotics, four different 
concentrations) and incubated, as described in Chapter 5.  
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Table 7.4 Antibiotics and concentrations used for determining ARP patterns 
Antibiotic Concentrations (mg/mL) 
Amoxicillin 5 10 15 20 
Cephalothin 10 25 50 100 
Erythromycin 20 50 100 200 
Gentamicin 20 40 60 80 
Ofloxacin 5 10 15 20 
Chlortetracycline 20 40 60 80 
Tetracycline 20 40 60 80 
Moxalactam 5 10 15 20 
          
 
After incubation, the relative growth for each antibiotic and concentration was recorded for 
each plate of isolates. Four different ratings (0 to 3) were initially used to distinguish 
respective ARPs. An isolate received a rating of 0 for no growth; 1 for filmous growth; 2 for 
restricted growth of colonies (growth of a few colonies); and 3 for full growth showing no 
resistance. Figure 7.5 depicts the process for assigning values to E. coli isolates. These ratings 
were subsequently reduced to two ratings, 1 for no growth (Rating 0-1) and 2 for growth 
(Rating 2-3). The main reason for using the four ratings was to include more variability into 
the patterns than would be achieved through the use of two values (0 and 1). 
 
Figure 7.3: Assigning values representing E. coli antibiotic resistance 
 
Restricted 
Growth 
 
No Growth 
(4) 
Film 
Growth 
 
Full 
Growth 
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7.4.4 Antibiotic Resistance Patterns 
From the 59 fecal samples collected from known sources, a total of 926 E. coli isolates were 
enumerated, and their patterns of antibiotic resistance determined. Analysed ARP for known 
source isolates indicated distinctive patterns depending on their respective sources. From the 
ARPs obtained for all known sources, no E. coli isolates were found to have any resistance to 
Gentamicin and Ofloxacin, except for domestic isolates which retained minor resistance to 
low concentrations of Gentamicin.  
 
Human isolates had a lower resistance to higher concentrations of all antibiotics, although the 
best separation between humans and non-human isolates was Amoxicillin (15 and 20 µg/mL) 
and Erythromycin (50, 100 and 200 µg/L), with minor separation for Cephalothin (50 and 100 
µg/L), Chlortetracycline (40, 60 and 80 µg/L). Livestock sources (beef and dairy cows, horses 
and goats) had the best separation utilising Cephalothin (50 and 100 µg/L), Chlortetracycline 
(40, 60 and 80 µg/L). Wild isolates did not show any specific relationship between resistances 
to an antibiotic. Instead, they retained similar patterns to those obtained for the other non-
human sources, particularly livestock. 
 
7.4.5 Discriminant Analysis of ARP of E. coli Isolates 
ARPs for each of the source and unknown E. coli isolates were analysed using Discriminant 
Analysis (DA) techniques. DA was used to classify the E. coli source isolates and unknown 
isolates into their respective groups. The DA classification procedure can be used to calculate 
the percentages of misclassified isolates and determine the average rate of correct 
classification (ARCC) of isolates in their respective categories (Wiggins 1996).  
 
To provide a rigorous predictive ability for the source library, a cross-validation procedure 
(also referred to as hold-out analysis or jack-knifing) was undertaken. This procedure 
randomly removes isolates from the source library and treats them as an unknown source to 
test the classification ability of the library (Harwood et al 2000). Additionally, as multiple 
isolates from the same sample may have similar resistance profiles, the library may appear to 
be more representative due to this profile similarity. To overcome this, a pulled-sample cross-
validation process, as described by Wiggins et al (2003) was conducted. All patterns of 
isolates enumerated from a particular fecal sample were removed during the cross-validation 
procedure, and reclassified according to the resistance profiles of the remaining isolates.  
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The main aim of this research was to determine the percentage of human versus non-human 
sources. This consisted of pooling the ARP of all wild, livestock and domesticated animal 
isolates and all human isolates into single individual pooled categories. The pooled category 
method was expected to provide higher average rates of correct classification for the source 
library, as has been found in other past studies (Wiggins et al 1999, Harwood et al 2000, 
Booth et al 2003). However, in order to assess the ability of the library to classify between 
different non-human sources, an additional analysis was performed with pooled categories 
consisting of human, livestock, domestic and wild animal isolates.  
 
Discriminant analysis of the pooled human versus non-human isolates performed 
exceptionally well with an ARCC of 97.2%, as indicated in Table 7.5. Both categories 
showed clear discrimination between isolates, as shown in Figure 7.6. The rates of correct 
classification were similar to those derived through other studies which achieved ARCC of 
>85% for human versus non-human pooled categories (Booth et al 2000, Wiggins et al 1999, 
Harwood et al 2000, Whitlock et al 2002). Both categories were well classified, with incorrect 
classification rates of 10% and 3% for human and non-human respectively.  
 
Table 7.5: Classification rates and ARCC for human vs non-human source isolates 
Source 
Number & %CC isolates classified as 
Non-Human Human Correctly Classified 
Non-Human (n = 766) 744 22 97.2% 
Human (n = 160) 5 155 97.1% 
Average Rate Correct Class. (ARCC)   97.2% 
 
To assess whether the source library retained enough isolates to correctly classify the 
unknown sources, a pulled-sample cross-validation was conducted. The overall ARCC for the 
libraries used to reclassify randomly pulled human samples was 91.2%. For reclassifying 
randomly pulled non-human source samples, the ARCC for the sources libraries was 88.3%. 
These ARCC values retained similar classification rates to the values obtained for the original 
source library. Therefore, the ARCC’s indicated that the library was sufficiently large enough 
to provide adequate discrimination between human and non-human sources. Pulled non-
human source samples had slightly lower correct classification rates mostly due to the 
relationship between the wild and livestock categories.  
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Figure 7.4: Discriminant analysis plot of source library isolates for pooled human versus 
non-human categories  
 
7.4.6 Classification of Unknown Source Isolates 
From the samples collected from water monitoring locations, 256 unknown isolates were 
enumerated and tested for their ARP. Applying DA to the unknown source isolates, using the 
human versus non-human source library for classifcation, the percentage of human isolates 
contained in the collected water samples were obtained. Table 7.6 provides the percentages of 
human and non-human isolates from the monitoring locations. A number of monitoring 
locations showed high percentages of human E. coli isolates. However, of most significance 
were the groundwater samples at Bonogin and Coomera. These locations were identified in 
the initial public health risk assessment as being at risk in respect of primary contact 
guidelines, with high levels of faecal contamination present. Therefore, having high 
percentages of human sources within these locations indicated that substantial contamination 
from OWTS is occurring. The other locations, although showing that a public health risk may 
be present for primary contact, do not have as many human source isolates, which 
consequently reduced the level of public health risk associated with OWTS. 
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Table 7.6: Source identification of unknown isolates from monitored sites 
Monitoring Site No. Isolatesa 
Source Identification (%) of unkown source isolates 
Humanb Non-humanb   Human
c Domesticc Livestockc Wildc 
Cabbage Tree 
Point (n = 86)        
Groundwater         
CT1  33.6 66.4  33.6 25.4 3.2 37.8 
CT2  14.5 85.5  14.5 23.6 0.0 61.9 
CT3  49.6 50.4  49.6 13.6 1.0 35.8 
CT4  9.6 90.4  9.6 35.4 0.0 55.0 
CT5  63.2 36.8  63.2 23.1 0.0 13.7 
CT6  54.2 45.8  54.2 23.1 2.1 20.6 
CT7  23.4 76.6  23.4 31.4 0.0 45.2 
CT8  0.0 100.0  0.0 0.0 0.0 100.0 
Surface Water         
CTS1  100.0 0.0  100.0 0.0 0.0 0.0 
CTS2  34.5 65.5  34.5 10.3 0.0 55.2 
CTS3  55.6 44.4  55.5 22.2 0.0 22.2 
         
Jacobs Well (n = 72)        
Groundwater         
JW1  4.7 95.3  4.7 21.8 7.9 65.6 
JW2  34.9 65.1  34.9 45.1 0.0 20.0 
JW3  59.8 40.2  59.8 25.4 0.0 14.8 
JW4  16.7 83.3  16.7 12.8 3.8 66.7 
JW5  6.9 93.1  6.9 13.5 0.0 79.6 
JW6  66.7 33.3  66.7 0 0.0 33.3 
JW7  10.4 89.6  10.4 55.5 0.0 34.1 
JW8  80.5 19.5  80.5 10.4 0.0 9.1 
Surface Water         
JWS1  50.0 50.0  50.0 33.3 16.7 0.0 
JWS2  0.0 100.0  0.0 0.0 94.8 5.2 
JWS3  0.0 100.0  0.0 0.0 93.1 6.9 
         
Coomera (n = 69)        
Groundwater         
CO1  100.0 0.0  100.0 0.0 0.0 0.0 
CO2  55.2 44.8  55.2 5.2 0.0 39.6 
Surface Water         
COS1  66.7 33.3  66.7 13.3 0.0 20.0 
                  a Unknown isolates from collected from monitored sites over four months sampling period 
b Pooled source categories for human vs non-human isolate DA 
c Pooled source categories for human, domestic, livestock and wild isolate DA 
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Table 7.6 (cont): Source identification of unknown isolates from monitored sites 
Monitoring Site No. Isolatesa 
Source Identification (%) of unkown source isolates 
Humanb Non-humanb   Human
c Domesticc Livestockc Wildc 
Bonogin Valley (n = 288)        
Groundwater         
BO1  50.0 50.0  50.0 6.2 26.6 17.2 
BO3  5.6 94.4  5.6 35.5 15.2 43.7 
BO4  33.8 66.2  33.8 38.5 1.9 25.8 
BO5  63.2 36.8  80.0 12.3 0.0 7.7 
Surface Water         
BOS1  40.0 60.0  40.0 0.0 0.0 60.0 
BOS2  54.5 45.5  33.3 0.0 16.7 50.0 
BOS3  10.0 90.0  9.1 18.2 54.5 18.2 
BOS4  51.7 48.3  31.0 13.8 6.9 48.3 
BOS5  55.6 44.4  55.6 22.2 0.0 22.2 
         
Lower 
Beechmont         
Groundwater (n = 5)        
BE1  0.0 100.0  0.0 0.0 0.0 100.0 
         
Tallebudgera 
Ck         
Surface Water (n = 169)        
TA1  24 76  24 0 53 24 
TA2  37 63  37 6 34 23 
TA3  47 53  47 0 0 53 
                  a Unknown isolates from collected from monitored sites over four months sampling period 
b Pooled source categories for human vs non-human isolate DA 
c Pooled source categories for human, domestic, livestock and wild isolate DA 
 
For the surface water monitoring locations, the areas of most significance were Cabbage Tree 
Point and Bonogin. As for the groundwater, high percentages of human E. coli isolates were 
classified. Therefore due to the high levels of faecal coliforms indicated in the initial 
assessment, a significant public health risk exists in relation to primary contact as the water 
resources are used for recreational and irrigation requirements. This is of importance at 
Bongoin, as both the groundwater and surface water show substantial faecal contamination. 
 
Using the four way source library (human, domestic, livestock and wild) for classification of 
E. coli isolates (Table 7.6), it was determined that in most monitored locations, wild sources 
also had a significant impact on the water quality, followed closely by domesticated animals. 
Livestock sources were found to contribute little to the overall faecal contamination. 
However, for surface water, sampling locations within or close too urbanised areas using 
OWTS showed increases in the percentage of human E. coli isolates. Minor increases 
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occurred for domestic animals, with respective decreases in the percentage of wild isolates. 
This trend suggests that fecal contamination from the OWTS within these monitored locations 
is occurring. However, as the overall level of faecal coliforms identified was not critical, 
public health risk based on the primary contact scenario was found to be low. 
 
7.5 Conclusions 
Research relating to the various factors that can influence the fate and transport of 
contaminants through the environment are scarce. Investigations into the different factors and 
their influence on the transport of contaminants were undertaken through this research. It was 
found that high densities of OWTS and their proximity to water resources greatly influenced 
contaminant concentrations in ground and surface waters. However, factors such as soil type 
and slope were also related to the level of contaminants, although these were found to be 
more influential on contaminant fate. Statistical analysis of collected water samples indicated 
that the cumulative effect of multiple factors was more influential on the fate and transport of 
pollutants within the environment than any singular factor.  
 
Additionally, an investigation into the various techniques available for sourcing 
mircoorganisms back to OWTS was undertaken. Antibiotic resistance pattern (ARP) analysis 
was utilised to track enumerated E. coli isolates obtained from monitored water sources, to 
their source. This proved particularly useful in determining human from non-human faecal 
contamination and consequently allowed the identification of areas which were highly 
sensitive to OWTS which indicated significant public health risk. 
 
The assessment of environmental and public health risk was achieved through the evaluation 
of collected ground and surface water data. Risk was determined from a probability of failure 
approach, where the probability of the specified contaminants was assessed against the 
stipulated water quality guidelines. The outcomes indicated that several areas had significant 
environmental risk due to the level of nutrients evident in the monitored water systems. 
Additionally, the assessment of public health risk indicated that none of the monitored sites 
would be suitable for drinking water purposes. However, the primary purpose of the water 
resources at the monitored locations were mostly for recreational and irrigation purposes. 
Hence, assessment against primary and secondary contact guidelines was undertaken.  
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CHAPTER 8.0 
INTEGRATED RISK FRAMEWORK FOR OWTS ASSESSMENT  
AND MANAGEMENT 
 
 
8.1  Overview 
The integrated risk framework developed through this research was established on a generic 
format to allow implementation into codes and guidelines. As given in Figure 8.1, the 
framework was then modified specifically for the Gold Cost region to allow incorporation 
into its Planning Scheme. The modifications included additional processes for the improved 
assessment of ‘at risk’ regions and the development of a critical point monitoring (CPM) 
program. The processes for developing and implementing the integrated risk framework for 
assessment and management of OWTS for Gold Coast City region are discussed below. 
 
8.2 Basis for Risk Assessment Process 
The development of the risk framework was based on the Australian Standard AS4360:1999 
Risk Management (AS/NZS 4630. 1999). This approach entails the following four major 
steps; 1) Problem formulation, 2) Hazard identification, 3) Risk Assessment and 4) Risk 
Management and mitigation. The processes undertaken for Problem formulation and hazard 
identification are described in Chapter 3. The following discussion details the development of 
the integrated risk framework from the hazard identification and assessment stage. 
8.2.1 Hazard Characterisation 
Table 8.1 gives the important hazards and their contributing factors. Hazards related to 
environmental and public health issues are more easily identified as their impacts on specific 
receptors are more obvious. For example, contamination of surface water from excess 
nutrients can be identified with routine sampling and testing. However, the identification of 
hazards resulting from OWTS siting and design is far less obvious. The primary difficulty is 
to separate the hazards resulting from poor treatment performance with those from the 
contributing factors. In order to achieve this separation, it is necessary to initially understand 
the various failure modes that can occur in an onsite wastewater treatment system.  
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Figure 8.1: Integrated Risk framework developed for Gold Coast City Council 
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Table 8.1: Hazards and contributing factors related to OWTS 
 
The term ‘failure’ associated with OWTS is generally used to describe major faults, including 
effluent surfacing, odour or mechanical malfunctions. However, it is important to note that the 
failure of an OWTS occurs when any stage of the treatment train fails, including the various 
treatment processes that occur within the subsurface. This includes the treatment system, 
effluent dispersal area and the underlying groundwater system. Failure of many onsite 
systems is generally not due to inherent flaws in technology, but rather due to siting and 
design issues or their operation and management (Otis and Anderson 1994). Therefore, with 
the current move towards the inclusion of risk based assessment of OWTS, the definition of 
‘failure’ needs to be clearly defined in terms of the resultant hazards and exposure scenarios. 
The definition relates to several key scenarios that result in hazards as listed in Table 8.2.  
 
8.3 Implementation of the Risk Assessment Framework  
The integrated risk based framework for OWTS, in its generic form, consisted of three major 
stages as shown in Figure 8.2. Stage 1 assessed the risks related to OWTS siting and design 
(assessment of the contributing hazards related to site and soil characteristics, landscape 
positioning and planning issues), environmental and public health risks and the development 
of a GIS based map to provide visual identification of these risks. Stage 2 identified the level 
Item Key Hazard Contributing Factors 
OWTS 
(Treatment system  
and disposal area) 
Release of contaminants due to ‘failure’ of Onsite 
wastewater treatment system 
1. Soil 
2. Planning (Lot size) 
3. Environmental Sensitivity 
4. Flooding 
5. Topography 
6. Loading rates 
7. Operation and maintenance 
practices 
Surrounding Soil 
Inability to renovate effluent and prevent 
contaminants from reaching groundwater and/or 
surface water 
1. Soil Type 
2. Depth of soil horizons 
3. Physical characteristics 
4. Chemical characteristics 
5. Water table depth 
Public Health 
Contamination of water/surrounding environment 
such that a considerable health risk is evident due 
to the release of contaminant (namely pathogens) 
which have an impact on human health 
1. Surface exposure 
2. Water supply 
(ground/surface) 
3. Aerosols 
4. Pests (mosquitoes etc) 
Environmental 
Release of contaminants into the receiving 
environment (ground/surface waters) causing 
environmental degradation (such as 
eutrophication). 
1. Surface runoff 
2. Groundwater discharge 
3. Flooding 
4. Water table 
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of assessment needed in order to allow the use of OWTS. This required areas that are 
indicated as being ‘at risk’ to undergo further detailed assessment to establish the most 
suitable treatment system. Stage 3 involved employing suitable management and mitigation 
measures to ensure that the characterised risks are suitably managed. 
 
Table 8.2: Failure Scenarios related to OWTS 
Failure Scenario Resulting Consequences 
 
Hydraulic Failure of OWTS  
 
Sewage ponding on ground surface near subsurface system or leakage 
on slopes; sewage pipe blockage and backup into pipes and fixtures;  
 
Groundwater and surface water 
contamination with chemical 
pollutants 
 
Elevated nitrate levels in water sources; taste or odour problems in 
caused by untreated, poorly treated, or partially treated wastewater; 
presence of toxic substances (e.g., solvents, cleaners) in water source 
 
Algal blooms, high aquatic plant productivity, low dissolved oxygen 
concentrations in nearby freshwater and marine water bodies 
 
Microbial contamination of ground 
and surface water 
 
Shellfish bed bacterial contamination; recreational areas contaminated 
due to high bacterial levels; contamination of down-gradient drinking 
water wells with fecal bacteria or viruses 
 
 
 
Figure 8.2: Integrated Risk Assessment Framework for OWTS 
 
The risk assessment framework developed was based around a semi-qualitative process. This 
involved the use of both quantitative and semi-qualitative assessments, depending on the type 
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of data available. Quantitative risk assessment utilised statistical analysis of collected data to 
provide the probability of the hazard occurring and a means of ranking the respective levels of 
risk assessed. Semi-quantitative assessments used the same principles as quantitative risk 
assessments. However no explicit statistical analysis was used to provide the probability of 
occurrence. Collected data was used to rank the hazards on a numerical scale to obtain a 
likelihood of the hazards occurring and to provide an appropriate rank for assessment 
purposes. Both, quantitative and semi-qualitative risk assessments were undertaken for 
developing Stage 1 of the risk framework in order to develop the GIS based risk map. This 
included quantitative assessments for environmental and public health risks, and the soil 
assessment stage of the OWTS siting and design risk. The remaining steps in the risk 
assessment were based on semi-qualitative assessments. This involved identifying appropriate 
risk index scales to establish the level of risk involved. 
 
8.3.1 Stage 1: Integrated Risk Assessment 
The integrated risk assessment utilised in the first stage provided an indication of the resulting 
risk from OWTS on two levels. Firstly, the current level of risk as a result of existing on-site 
systems and their existing impact, including their cumulative risk was established. Secondly, 
by utilising the identified hazards that led to these risks, an assessment of the potential risks 
that will arise in developments utilising new systems or upgrades to existing systems was 
undertaken. These two levels of risk were developed into a GIS database allowing the visual 
identification of low, medium and high risk areas. The integrated risk assessment stage 
involved the assessment of the three main risk assessment processes; (1) OWTS siting and 
design risk; (2) Environmental Risk; and (3) Public Health Risk assessment. 
 
A. OWTS Siting and Design Risk 
Assessment of OWTS siting and design risk was based on the major contributing hazards that 
will cause potential risks to occur. The major factors included the soils’ renovation ability, 
planning and lot size of the development, slope, suitable separation or setback distances from 
adjacent water resources (groundwater wells and surface water) and development within the 
floodplain. The risk assessment itself evaluated the inherent risks resulting from effluent 
discharged from the system, rather than being based on the risk associated with specific 
design principles and technology for the type of system used. The type of data used contained 
both quantitative data (for soil renovation suitability assessment) (Carroll et al 2004) and 
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semi-quantitative data (for lot size, slope, set back distances and development in the 
floodplain). Due to the different types of data formats available, a semi-quantitative approach 
was adopted to allow a more suitable means of integration. 
 
Determining the OWTS siting and design risk involved characterisation of several identified 
hazards, including soil suitability, planning, setback distances, slope and flooding. The 
assessment of the identified hazards was conducted following field investigations and data 
analysis. Acceptable risk levels for the identified hazards were defined as part of the research 
undertaken, or based on values established through published research. Also, the adoption of 
acceptable risk levels was discussed with the stakeholder groups. The acceptable risk values 
for each of the identified hazards are provided in Table 8.3, with the processes in determining 
the acceptable risk levels and their assessment discussed in the following sections.  
 
Soil Suitability 
Establishing the soil risks in relation to OWTS performance for the Gold Coast region 
required the assessment of two important relationships. Firstly, soil suitability for effluent 
renovation was established according to the developed soil suitability framework as discussed 
in Chapter 6. In determining the soil risks, detailed investigations were conducted to evaluate 
the soil suitability for effluent renovation as described by Carroll et al (2004). Soil samples 
were collected from 73 locations throughout the region for analysis. The parameters analysed 
and their respective influence in effluent renovation is described in Chapters 4-5. 
Determination of the soil suitability indices were established through the assessment of 
limiting parameters as described in Table 6.1. In order to reduce the corresponding soil 
suitability indices established in Chapter 6 to the respective low, medium and high risk zones, 
they were categorised based on the following; (i) soils with moderate to good renovation, with 
moderate permeability and well drained - low risk; (ii) soils with moderate renovation ability, 
moderate to high permeability and moderately well to well drained - medium risk; and (iii) 
soils with poor to good renovation ability, low or high permeability, and poor to moderately 
well drained - high risk. The separation of the high risk soils was determined on a ‘worse 
case’ scenario, defined through the combination of unsuitable soil renovation ability, 
permeability and drainage criteria, or based on individual criteria due to extreme cases, such 
as very low permeability or poor drainage. The resulting risk levels associated with the 
defined soil types common to the Gold Coast region, and the corresponding criteria used in 
for defining their rankings are provided in Table 8.4  
  89 
Table 8.3: Acceptable risk levels used for assessment of OWTS hazards 
    Risk Levels   
Hazard Factor Low Medium High Comments 
Soil 
Soil Suitability 
for effluent 
renovation  
1 Kurosols and         
Chromosols                 
2 Ferrosols and 
Dermosols 
3 Kandosols and 
Rudosols                     
4 Podosols and 
Tennosols 
5 Organosols             
6 Vertosols and 
Sodosols                          
7 Hydrosols 
Determined according to Soil Suitability 
Framework (Carroll et al 2004). Utilises soil 
renovation ability, soil permeability and soil 
drainage characteristics  
Nutrients Nitrogen <0.2% 0.2-0.3% >0.3% Typical soil nutrient ratings as specified in ANRA 
for agriculture 
    Phosphorus <0.003% 0.003-0.005% >0.005% 
Planning Lot Size > 4 Ha 0.4-4 Ha <0.4 Ha (4000m2) Based on Gold Coast City Planning Scheme 
Setback Distances normal >100m 50-100m < 50m Specified setbacks as per On-site Sewage Code (DNRM 2002) 
  sensitive >200m 100-200m < 100m Setbacks utilised in environmentally sensitive areas 
Slope  < 10% > 10% Acceptable risk level adopted as 10%. Slope > 10% at risk of causing contamination issues.  
Flooding   Above 100 yr ARI Within 1 in 100yr ARI boundary 
Areas within the 100yr ARI at risk causing 
contamination, and failure of system components 
during flood events 
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In addition to assessing soil suitability, assessment of soil nutrients was also undertaken. The 
acceptable nutrient levels were assessed on regimes commonly used in the agricultural 
industry. Table 8.3 gives the nutrient levels adopted for the development of soil risk zones. 
Nutrient risk zones were calculated by kriging (using an inverse distance weighting model) 
between established data points using a maximum likelihood model. The development of 
nutrient risk maps are discussed in Section 6.6. 
 
The cumulative soil risk zones based on the soil suitability framework and nutrient levels, 
were constructed by an overlay process using Boolean operators within the GIS. Essentially, 
for each risk zone a numeric values of 1 (low risk), 2 (medium risk) or 3 (low risk) was 
assigned. The corresponding values in each layer were multiplied together, and reclassified 
according to the newly established risk zones as shown in Figure C.4 (Appendix C) 
 
Planning 
Planning essentially relates to lot size. The lot size has to be sufficient to allow proper 
treatment and dispersal of effluent. A lot size too small may lead to effluent overloading and 
hydraulic failure of the application area. Additionally, the size of the lot must also allow 
sufficient room for an appropriate setback distance to prevent any pollutants from leaving the 
lot itself. Lot size is also related to the density of OWTS in the surrounding area. Smaller lot 
sizes will enable higher housing densities, and consequently increase the number of OWTS.  
 
The corresponding risk levels associated with planning and lot size were established 
according to the current Gold Coast City Council Planning Scheme. Lot sizes of area less than 
4000m2 (0.4Ha) were deemed to induce a high risk. Areas between 0.4 to 4Ha were 
considered to present a medium risk, with areas greater that 4Ha considered low risk. A map 
showing the risk zones for planning was developed as shown in Figure C.5, (Appendix C). 
 
Slope 
The significance of slope in relation to poor OWTS performance is three fold. Steep slopes 
increase the amount of runoff produced, which in turn increases the potential risk of 
contamination of surface water. Hydraulic failure or surfacing of effluent from subsurface 
systems, as well as the use of surface irrigation, can be a concern in areas of steep slope for 
this reason. Lastly, the use of subsurface application areas adjacent to steep slopes may cause 
lateral flow of effluent to take place resulting in seepage. 
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Typically, slopes in the range of 6-10% are generally viewed as suitable for surface irrigation, 
with steeper slopes contributing to higher runoff volumes and hence higher risks (Wells 2001, 
Kleene et al 1993, AS1547:2000). For subsurface dispersal systems, slopes of 10-20% are 
commonly accepted as the norm (Brouwer and Bugeja 1983, US EPA 2002, AS1547:2000), 
with steeper slopes considered inappropriate for providing adequate dispersal of effluent.  
 
Consequently, the threshold value was taken as 10%, being the maximum slope that will have 
minimal effect from surface irrigation, and the minimum slope for subsurface dispersal 
systems to provide adequate renovation of effluent. Slopes less than 10% were deemed as low 
risk, with steeper slopes classified as high risk. To develop the respective risk zones for slope, 
several GIS operations had to be undertaken. Firstly, a digital elevation model (DEM) was 
constructed based on 10 metre contours. The DEM was then reclassified based on the adopted 
risk profiles. The resulting risk map is shown in Figure C.6 (Appendix C). 
 
Setback Distances 
Setback distances are included in current standards and guidelines to minimise potential 
environmental and public health risks due to poor OWTS performance. Setback distances 
implicitly include risk-based management ideals into current performance standards. The 
setback distances stipulated in the On-site Sewage Code (DNRM 2002) recommends a 
horizontal distance of 50m (primary effluent) between the system and adjacent water sources, 
and a vertical distance of 1.2m (primary effluent) between the dispersal field and the water 
table. Reduced setbacks have been specified for secondary treated effluent. However, these 
values typically revolve around public health issues with distances based on viral transport 
and fate models. Although these distances may be sufficient for protection of public health, in 
some cases environmental risks may be significantly higher than public health issues.  
 
An initial assessment of setback distances was undertaken through this research. It was found 
that in the case of high densities of OWTS, nutrients and in particular nitrate, has the ability to 
move a greater distance than the adopted setbacks obtained through viral die off models. 
Therefore, for areas found to have a high environmental risk, the current setback distances 
were considered inadequate for protection of environmental values. For these cases, setback 
distances were increased to 100m horizontal distance for high risk, and 100-200m for medium 
risk areas to develop buffer zones surrounding the major water resources within the Gold 
Coast region, as shown in Figure C.7 (Appendix C). 
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Flooding 
Flooding of treatment system and dispersal areas can be a significant issue depending on 
several factors. Firstly, if an effluent dispersal area is flooded, there is a strong possibility of 
contamination of the flood waters. However, this is dependant on the average recurrence 
interval (ARI) of the flood event. Large floods will dilute the effluent, minimising the 
potential risks associated with contamination. This may not be the case with smaller floods, 
with inundation of dispersal areas allowing the transportation of effluent pollutants off-site. 
However, large events will inundate larger areas, and therefore higher numbers of OWTS may 
be affected. This may increase the potential risk by reducing any dilution effects as a result of 
the higher numbers of OWTS exposed to the flood event. The most commonly adopted flood 
level for assessing the potential risk from OWTS was the 100 year ARI. Adopting this ARI 
inherently includes lower flood levels within the identified risk areas. Very few studies have 
investigated the probability of contamination from OWTS as a result of flooding due to the 
difficulty in collecting representative data. Therefore, for areas found to have a high flood 
risk, the current setback distances were considered inadequate for protection of environmental 
values. For these areas, setback distances were increased to 100m horizontal distance for high 
risk, and 100-200m for medium risk areas to develop buffer zones surrounding the major 
water resources within the Gold Coast region, as shown in Figure C.7 (Appendix C). 
 
B. Environmental and Public Health Risk 
The assessment of environmental and public health risk was established based on assessing 
the risk of contamination exceeding adopted threshold levels. This was developed around an 
engineering risk analysis approach as outlined by Ganoulis (1994). After identifying the 
various hazards associated with OWTS and the environmental and public health risks, the 
subsequent phase in the risk paradigm is risk analysis and assessment. This stage determines 
the level of risk associated with the respective hazard. The hazards associated with the failure 
scenarios of on-site systems, as well as the inherent environmental and public health hazards 
are directly related to the risk of failure, where: 
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with L = load on the system (such as pollutant loading)  
R = system’s resistance to that load (amount of pollutant that the system can withstand before 
failure occurs) (Ganoulis 1994).  
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In the case of the risk of failure in relation to water quality, R is equivalent to the stressor 
endpoints or water quality threshold values to be utilised in the overall assessment. 
Subsequently, the risk of failure was determined by: 
 
( ) CIp)%p1(RLPPf =−≥>=      (2) 
where p is equivalent to the percentage of collected water samples that are to have lower 
concentrations than the stipulated water quality guidelines.  
 
The confidence intervals adopted in the risk assessment stage are specified in ADWG (2002) 
and ANZECC (2000). For drinking water requirements, water samples are to have no fecal 
bacteria evident throughout the sampling period. The area is considered at risk if fecal 
bacteria are identified, making it unsuitable for human consumption. Similarly for 
recreational, primary and secondary contact requirements, to have a low risk, 95% of the 
samples should have contaminant concentrations less than the stipulated guidelines. 
 
Water quality parameters for environmental (nitrate and phosphate) and public health (fecal 
coliforms and E. coli) risk were obtained from monitored groundwater and surface water 
sites. Probabilities of failure were calculated by fitting normal or log normal distributions to 
the data. The risk (or probability) of monitored contaminants failing to meet the specified 
water quality guidelines for both drinking water (ADWG 2002) and recreational water and 
aesthetics (recreational, primary and secondary contact) (ANZECC 2000) was determined, 
and are provided in Tables 7.2 and 7.3 for environmental and public health risk respectively.  
 
Those areas that failed to meet the specified water quality guideline threshold values were 
considered an environmental risk. The probabilities determined for these monitored areas 
were projected to other unmonitored areas that retained similar soil, site and planning 
characteristics in order to establish risk profiles for the entire region. The developed 
environmental risk maps are provided in Figure C.9 (Appendix C). 
 
Public health risk from OWTS was determined based on fecal coliforms (FC) and confirmed 
Escherichia coli (E. coli) which are typical indicators used for assessing faecal contamination 
of water resources. An initial public health risk assessment was conducted for the E. coli 
counts obtained against the acceptable threshold values for drinking water and for primary 
and secondary contact, as outlined in ADWG (2002) and ANZECC (2000).  
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All surface and groundwater monitoring locations failed to meet the specified guideline for 
drinking water. However, this is not a major concern as these water resources are primarily 
used for recreational and gardening purposes. Therefore, the primary and secondary contact 
guidelines were more appropriate for assessing the public health risk. In order to remove 
uncertainty in the risk assessment process regarding the actual source of faecal contamination, 
the ARP was used to track human faecal contamination, and to link to OWTS.  
 
Detailed descriptions of the ARP process are described in Chapter 7. Due to the identification 
of sources, ARP allows a reduced uncertainty in assessing public health risks compared to 
using general fecal indicators. The public health risk was assessed by reducing the total 
number of E. coli identified in the analysed samples by the identified percentage of human 
source E. coli determined through ARP. The corresponding public health risks established on 
this basis are given in Table 7.3. The public health risk maps developed in the same manner to 
that for environmental risk are given in Figure C.10 (Appendix C). 
 
Development of GIS Database and Risk Maps 
The GIS employed for this research project included MAPINFO version 7.0, a vector based 
GIS system, and ARCVIEW version 8.0, a raster based system. MAPINFO is used by GCCC 
for maintaining databases related to planning, design and assessment. Hence, most of the 
baseline information obtained from GCCC was in MAPINFO format. However, the ability of 
MAPINFO to manipulate spatial information is limited and as such would have required 
substantial manual intervention for data processing. Therefore, ARCVIEW software was used 
for the initial construction of the risk maps, due to its superior analytical tools and algorithms. 
The final risk map was subsequently converted to MAPINFO format. 
 
The procedure for developing the integrated risk map involved overlaying individual GIS 
layers including (1) soil; (2) planning (Lot size); (3) setback distances; (4) slope; (5) flooding; 
(6) public health risk; and (7) environmental risk. Layers (1) to (5) were first combined using 
boolean overlays to produce the risk map for OWTS siting and design risks. This was then 
combined with the public health and environmental risk maps to produce the final risk map. A 
GIS database to allow identification of both the specified hazards and resulting limiting 
factors associated with the ‘at risk regions’ was developed. The incorporation of this database 
allowed further information to be utilised in undertaking detailed assessment of ‘at risk’ areas.  
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An illustration of the process adopted is provided in Figure C.11a and C.11b (Appendix C). 
Each level of risk for each hazard was assigned a numeral value of 1 (low risk), 2 (medium 
risk) or 3 (low risk). Using a boolean overlay procedure, the corresponding values in each 
layer were multiplied together and reclassified back to the initial numerical values for 
identifying high, medium and low risk. For implementing the developed integrated risk map 
for the Gold Coast region, identified risk areas were additionally reduced to two major 
classifications, ‘low risk’ and ‘at risk’ (medium and high risk) areas. This was undertaken to 
remove any discrepancies between the determination of medium and high risks. Effectively, 
this follows the same probability of failure, whereby an area at risk of causing environmental 
or public health impacts is required to undergo an increased level of assessment. The 
integrated risk map for the Gold Coast region is given in Figure 8.2.  
 
8.3.2 Stage 2: Detailed Assessment of At Risk Areas 
Once the integrated risk zones for OWTS were established, the identification of suitable 
assessment techniques for ‘at risk’ areas was developed. Where the area falls within a low risk 
area, the current standards and codes were considered appropriate for the management 
OWTS. This generally includes AS/NZS 1547:2000, the Australian Standard for On-site 
Sewage Systems, as well as the locally adopted codes and guidelines. However, as shown in 
the developed framework (Figure 8.1), if a low risk area is rezoned for future development, 
this may increase the risk level as a result of reduced lot sizes, and additional assessment 
based on planning requirements should be undertaken. For ‘at risk’ areas, the additional 
assessment requirements are determined according to the identified limiting hazards specified 
through the assessed risk areas. Table 8.4 provides the limiting hazards that are associated 
with the ‘at risk’ regions, and the necessary requirements for additional assessment. These 
limiting criteria are highlighted in the developed GIS database and resulting risk map, to 
indicate what additional assessment is required within the categorised risk areas. 
 
8.3.3 Stage 3: Risk Management and Mitigation 
Stage 3 revolves around the development of a suitable management process to be 
implemented in order to mitigate the identified risks. Through the process of assessing the 
level of risks in Stage 1, the areas with the highest levels of risk were identified. 
Consequently, more appropriate management techniques can be implemented to provide 
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improved mitigation in these high priority areas. The continual monitoring and review that is 
part of the risk management process allows a means of assessing whether the risk framework 
and management process is effective in providing suitable risk mitigation, and for reviewing 
the assessed risks and further refining the identified risk areas. 
 
 
Figure 8.3: Final combined integrated risk map for the Gold Coast region 
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The management of risks characterised through the integrated risk framework for the Gold 
Coast region involved two main processes. Firstly, management of OWTS was achieved by 
developing new and more appropriate assessment guidelines as outlined in Section 8.3.1 and 
8.3.2. This was effectively aimed at mitigating the possible risks inherent in the use of OWTS 
in areas that are unable to meet the specified requirements set out in the standards and 
guidelines. Secondly, a critical point monitoring (CPM) program to monitor the ‘at risk’ areas 
for identified critical parameters was established. In a risk management context, CPM 
identifies the critical points within a management system that should be monitored to provide 
suitable mitigation of identified risks. Figure 8.3 outlines the steps employed in a CPM 
program. In constructing the integrated risk framework, the critical points associated with the 
‘at risk’ areas were identified. The critical parameters used for the CPM program as outlined 
in Table 8.5 were identified through the research undertaken. Essentially, these were based on 
the limiting factors isolated through the risk assessment stage for the different ‘at risk’ areas.  
 
 
Figure 8.4: Critical Point Monitoring Process  
(adapted from Eliasson et al 2001) 
 
 
 
 
 
 
 
Requirements for first 3 steps determined during integrated  
risk assessment procedure 
1 
Perform a system 
hazard analysis 
 
2 
Determine critical 
monitoring points 
 
3 
Establish critical 
limits 
 
4 
Establish 
monitoring 
procedures 
 
5 
Establish 
corrective actions 
if step 3 not meet 
 
6 
Establish Record 
Keeping System 
 
7 
Establish 
Verification 
Procedures 
 
CPM steps necessary for risk management and  
mitigation protocols 
  98 
Table 8.4 Limiting Hazards for at risk areas, Gold Coast City 
Hazard Factor Notation Risk Limitations Limiting Hazard Low High (at risk) 
Soil (S) Renovation ability r 1 and 2
1 3 to 71 Inappropriate treatment of effluent, contamination of water resources, environmental and public health risk  
 Permeability p 0.005-0.5 m/d <0.005 or >0.5m/day Runoff potential, waterlogging, effluent percolation, effluent retention 
 Drainage d Moderate to well drained 
Imperfectly to poorly 
drained, permanent or 
seasonal saturation 
Hydraulic failure, waterlogging, low treatment ability, 
contamination of groundwater 
Nutrients 
Nitrogen - TN &    
Phosphorus - 
TP 
n TN ≤ 0.3%                   TP ≤ 0.003% 
TN > 0.3%                       
TP >0.003% 
Reduced nutrient attenuation, leaching of excess 
nutrients, contamination of water resources 
Planning (P) Lot size l > 4.0 Ha < 4.0 Ha Increased system density, health and environmental risks, contamination of water resources 
Setback (B)     > 50m < 50m Contamination of surface waters, health and environmental risks 
Slope (G)   < 10% > 10% Increased contaminant transport, contamination issues, system performance limitations 
Flood (F)     Above 1 in 100 yr ARI2 Below 1 in 100 yr ARI2 Transportation of effluent contaminants, system failure, system component damage and electrocution 
Public Health 
(H)   
Mean Human3 E. coli 
contaminants below 
threshold4 
Probability mean 
Human3 E. coli 
contaminants exceed 
threshold4 
Contamination of water resources with pathogenic 
organisms, risk to public health 
Environment (E)     
Mean nutrient 
contaminants below 
threshold4 
Probability mean 
nutrient contaminants 
exceed threshold4 
Contamination of water resources with pathogenic 
organisms, risk to environment, nutrient enrichment, 
algae blooms 
1 Determined according to Soil suitability for effluent renovation framework (Carroll et al 2004) - See Table XX 
2 Average Recurrence Intervals (ARI) 
3 Determined by source tracking using Antibiotic Resistance Pattern analysis 
4 Stipulated thresholds for drinking water, recreational and aesthetics water quality (NHMRC 1996 and ANZECC 2000) 
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Table 8.5: Critical parameters to be monitored as part of CPM for Gold Coast City 
Location Resource Critical Parameter to be Monitored 
Cabbage Tree Point Groundwater Nitrate (NO3-), E. coli 
 Surface Water E. coli 
Jacobs Well Groundwater Nitrate (NO3-), Phosphate (PO43-) 
  Surface Water Nitrate (NO3- 
Coomera Groundwater Nitrate (NO3
-), Phosphate (PO43-) and E. 
coli 
 Surface Water Nitrate (NO3
-), Phosphate (PO43-) and E. 
coli 
Bonogin Groundwater Nitrate (NO3-), E. coli 
  Surface Water Phosphate (PO43-), E. coli 
Tallebudgera Surface Water Phosphate (PO43-), E. coli 
Lower Beechmont Groundwater Nitrate (NO3-) 
 
8.4 Conclusions 
The integrated risk framework developed (Figure 8.1) is specifically aimed at assessing and 
managing the inherent environmental and public health risks associated with OWTS. As 
described through Chapters 6 to 8, detailed investigations have allowed the incorporation of 
scientific information into the assessment of OWTS siting and design, environmental and 
public health risks. This information, along with the resulting risks, was developed into a GIS 
database to allow spatial identification of ‘at risk’ areas. This allowed more appropriate 
management protocols to be implemented aimed specifically at mitigating the inherent 
environmental and public health risks associated with poor OWTS performance within the 
identified at risk areas. As part of the implementation of management techniques for the Gold 
Coast region, a critical point monitoring program (CPM) was formulated. This entailed the 
identification of the key parameters that contribute to the characterised risks. The CPM allows 
more direct managerial procedures to be implemented, targeting the specific hazards at 
sensitive areas throughout the Gold Coast Region.  
 
Integration of the developed risk framework and risk maps into the Gold Coast City planning 
scheme will enable the Gold Coast City Council to determine which regions within their 
jurisdictional area are at risk of causing detrimental environmental and public health impacts. 
This will enable them to incorporate best management practices in a more practical and 
efficient manner specifically targeting ‘at risk’ regions. 
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CHAPTER 9.0 
CONCLUSIONS  
 
 
This report has presented the procedures developed and the outcomes achieved through the 
creation of an integrated risk based approach to the management of on-site wastewater 
treatment systems (OWTS). The research conducted entailed detailed investigations into soil 
suitability assessment for providing suitable effluent renovation and the assessment of water 
quality impacts as a result of inappropriate treatment performance of OWTS. A number of 
import conclusions have been derived, allowing the incorporation of new scientific 
knowledge into the assessment and management of OWTS. 
 
Satisfactory performance of on-site wastewater treatment systems, in particular septic 
systems, depends primarily on the underlying soil to renovate and transmit the discharged 
effluent. Consequently, one of the most important issues regarding the appropriate use of 
OWTS is the proper assessment of the site and soil characteristics. The soil is essentially the 
‘last line of defence’ between the effluent dispersal area and groundwater. However, existing 
practices for assessing a soil’s ability to treat and disperse applied effluent have been 
inadequate. The development of the soil suitability framework for effluent renovation will 
allow a more robust approach to this assessment. 
 
Assessment of environmental and public health risks was based ground and surface water 
quality. From the analysis of data collected from monitored locations, most of the investigated 
sites were found to be at substantial environmental risk as a result of elevated nutrient 
concentrations. Additionally, the assessment of public health risk indicated that none of the 
sites would be suitable for drinking water purposes. However, most locations were found to 
be suitable for primary and secondary contact.  
 
The development of the integrated risk framework developed through this research provides a 
more appropriate means of assessment and management of the risks related to OWTS. 
Additionally, it facilitates the identification of areas unsuitable for common OWTS systems, 
such as septic tank-soil adsorption systems. These unsuitable or ‘at risk’ areas can then be 
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investigated to determine the most suitable system types to be used. A critical point 
monitoring program (CPM) was formulated in order to effectively manage the environmental 
and public health risks in ‘at risk’ areas.  
 
Several important procedures need to be adopted in order to develop a risk based approach. 
Firstly, it is necessary to identify the stakeholders who will have a prominent role through the 
development and utilisation of the risk framework. This will provide a means of identifying 
the critical parameters that need to be assessed and remove any uncertainty as to how the 
framework and risk assessments are used. Secondly, with the diverse nature of the inherent 
risks, it is important to assess their cumulative effect, and not solely focus on an individual 
risk. By adopting these procedures in the development of the integrated risk framework, a 
more robust framework can be developed that can be successfully implemented into the 
current standards and guidelines. 
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Table A.1: Soil Physico-chemcial data for collected soil samples for Stage One - Preliminary soil sampling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample Location Sample # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth 
(m) 
%Sand %Silt %Clay pH                EC      (µS-cm) 
Cl-   
mg/Kg 
CEC   
meq/100g 
CCR    
CEC/%C 
Cabbage Tree Point 
P1A 
Salic Hydrosol SH1 
0.3 73.8 17.8 8.3 4.96 253.00 25.375 2.39 1.26 
P1B1 0.6 85.0 7.8 7.1 5.02 235.10 102.125 0.00 0.00 
P1B2 1.0 89.6 8.4 2.0 4.87 219.10 31.750 12.83 28.94 
Jacobs Well P2A Bleached-Orthic Tennosol B-OT1 
0.4 96.5 2.4 1.1 5.66 43.70 0.938 0.75 2.98 
P2B1 0.7 97.0 2.0 1.0 5.96 20.50 0.400 0.84 21.37 
Coomera P3B1 Leptic Rudosol LR1 0.6 92.3 4.1 3.6 5.45 57.20 0.500 1.42 1.71 
P3B2 1.0 96.5 2.6 0.9 6.04 65.00 33.250 1.12 5.59 
Coomera 
P4A 
Grey Chromosols GCh1 
0.5 68.7 17.5 13.9 5.15 84.80 7.750 2.00 0.64 
P4B1 0.8 80.4 3.0 16.6 5.25 31.90 10.750 1.89 0.50 
P4B2 1.0 53.8 26.3 19.9 4.86 67.50 6.750 15.26 3.38 
Lower Beechmont P5B1 Red Ferrosol RF1 0.5 10.2 14.5 75.3 4.58 662.00 19.300 6.43 1.50 
P5B2 1.0 5.5 15.3 79.3 4.13 211.70 10.600 3.40 0.75 
Springbrook P6B1 Red Ferrosol RF2 0.6 7.2 62.9 29.9 4.16 327.00 6.850 13.59 2.00 
P6B2 0.9 7.9 59.4 32.6 4.23 153.80 4.850 15.26 2.06 
Bonogin 
P7A 
Yellow Kurosol YKu1 
0.4 28.9 44.5 26.5 3.93 115.80 2.750 16.18 2.68 
P7B1 0.8 34.1 40.2 25.6 3.71 149.20 2.450 24.28 4.17 
P7B2 1.2 45.8 31.8 22.3 3.91 78.30 73.000 12.10 2.38 
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Table A.1(cont): Soil Physico-chemcial data for collected soil samples for Stage One - Preliminary soil sampling 
Sample Location Sample # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth 
NO3- 
mg/Kg 
TKN  
mg/Kg 
TN 
mg/Kg %TN 
PO4- 
mg/Kg 
TP  
mg/Kg %TP %OC 
Cabbage Tree Point 
P1A 
Salic Hydrosol SH1 
0.3 37.50 206.60 339.720 0.542 13.094 9.445 0.00094 3.74 
P1B1 0.6 25.00 272.60 723.783 0.743 21.221 14.572 0.00146 1.79 
P1B2 1 215.00 183.80 315.751 0.484 24.226 21.468 0.00215 1.92 
Jacobs Well P2A Bleached-Orthic Tennosol B-OT1 
0.4 12.50 61.00 279.813 0.178 20.564 18.639 0.00186 1.21 
P2B1 0.7 227.50 22.25 276.279 0.082 17.403 6.085 0.00061 4.59 
Coomera P3B1 Leptic Rudosol LR1 0.6 185.00 13.25 273.457 0.060 20.658 16.465 0.00165 1.15 
P3B2 1 202.50 58.25 276.992 0.171 17.559 6.056 0.00061 1.31 
Coomera 
P4A 
Grey Chromosols GCh1 
0.5 27.50 19.25 709.735 0.118 39.250 14.878 0.00149 2.40 
P4B1 0.8 12.50 17.25 319.969 0.074 8.388 5.525 0.00055 1.05 
P4B2 1 2.50 41.00 355.224 0.136 13.709 6.640 0.00066 3.99 
Lower Beechmont P5B1 Red Ferrosol RF1 0.5 42.50 278.00 19.752 0.686 24.602 9.726 0.00097 59.05 
P5B2 1 10.00 96.75 433.457 0.281 13.459 5.560 0.00056 14.72 
Springbrook P6B1 Red Ferrosol RF2 0.6 32.50 228.75 370.015 0.600 21.472 8.378 0.00084 25.07 
P6B2 0.9 210.00 115.75 383.410 0.323 33.679 13.500 0.00135 3.25 
Bonogin 
P7A 
Yellow Kurosol YKu1 
0.4 10.00 45.50 302.356 0.142 34.461 13.356 0.00134 9.59 
P7B1 0.8 7.50 51.25 277.705 0.154 3.443 3.019 0.00030 23.15 
P7B2 1.2 5.00 14.50 281.922 0.064 2.880 3.251 0.00033 6.74 
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Table A.2: Soil Physico-chemcial data for collected soil samples for Stage Two - Detailed soil sampling 
Sample Location Sample # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth %Sand %Silt %Clay pH                
EC 
(µS-cm) 
Cl-   
mg/Kg 
CEC   
meq/100g 
CCR    
CEC/%C 
Woongoolba 
D1B1 
Leptic Rudosol LR2 
0.5 63.2 9.2 27.6 4.31 272.10 29.250 11.42 1.82 
D1B2 0.8 58.4 29.8 11.8 4.66 269.60 126.375 9.06 3.39 
D1B3 0.9 33.5 46.5 19.9 6.87 106.70 148.750 17.14 3.79 
Woongoolba 
D2B1 
Chernic Tennosol CT1 
0.4 57.1 21.5 21.5 4.95 181.20 29.250 14.40 2.95 
D2B2 0.7 76.1 20.9 3.0 5.42 196.80 258.375 6.39 9.35 
D2B3 1 82.9 11.1 6.0 5.13 945.00 106.375 16.18 11.80 
Norwell 
D3B1 
Hypersalic Rudsol HR1 
0.4 54.9 29.0 16.2 6.28 1387.00 76.500 11.42 3.11 
D3B2 0.7 73.9 19.5 6.6 6.54 1102.00 131.250 9.06 6.05 
D3B3 0.9 73.9 14.1 12.0 7.14 4280.00 197.000 2.53 0.93 
Pimpama 
D4B1 
Grey Kurosol GKu1 
0.4 83.6 11.5 4.9 4.39 227.80 386.250 22.91 20.56 
D4B2 0.8 54.3 10.1 35.6 4.43 315.00 36.750 13.59 1.68 
D4B3 1.2 18.3 23.1 58.6 4.54 501.00 82.625 9.06 0.68 
Pimpama D5B1 Salic Hydrosol SH2 0.5 71.9 12.9 15.2 4.55 6180.00 446.500 5.07 1.47 
D5B2 1 68.1 9.0 22.8 5.59 6510.00 442.500 10.78 2.08 
Jacobs Well 
D6A 
Redoxic Hydrosol RH1 
0.4 76.0 12.0 12.0 4.85 406.00 132.750 6.03 2.21 
D6B1 0.8 82.8 5.9 11.3 4.14 421.00 112.000 5.07 1.98 
D6B2 1.2 83.4 11.8 4.8 4.16 849.00 197.500 2.84 2.60 
Steglitz 
D7B1 
Intertidal Hydrosol IH1 
0.5 78.1 11.8 10.1 6.09 289.00 159.875 6.39 2.78 
D7B2 0.7 63.6 24.2 12.3 6.35 358.00 522.500 5.69 2.04 
D7B3 1.2 75.4 17.5 7.0 6.58 816.00 58.750 10.17 6.39 
Yatala 
D8B1 
Brown Dermosol BrD1 
0.6 6.9 19.4 73.7 4.90 264.50 44.625 34.38 2.05 
D8B2 0.8 10.5 35.3 54.2 4.04 332.00 26.125 21.62 1.75 
D8B3 1.2 10.7 27.5 61.8 4.06 262.30 6.375 30.62 2.18 
Yatala D9B1 Black Sodosol BS1 0.7 19.1 27.5 53.4 4.11 289.00 150.250 10.78 0.89 
D9B2 1 13.9 26.5 59.6 5.66 672.00 96.250 10.17 0.75 
Kingsholme 
D10B1 
Yellow Kandosol YK1 
0.4 48.6 30.7 20.7 4.30 82.10 56.750 17.14 3.64 
D10B2 0.6 48.3 30.1 21.6 4.29 100.90 84.375 14.40 2.94 
D10B3 1.2 54.4 29.6 16.0 4.44 67.90 50.250 15.26 4.19 
Kingsholme D11B1 Leptic Rudosol LR3 0.6 37.6 47.1 15.3 4.79 216.20 130.500 19.25 5.54 
D11B2 1 49.2 29.0 21.8 5.55 140.40 231.500 25.73 5.18 
Kingsholme D12B1 Red Kurosol RKu1 0.4 20.6 30.0 49.4 4.19 166.30 87.750 30.62 2.73 
D12B2 1 7.2 30.6 62.2 4.10 88.70 11.125 34.38 2.43 
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Table A.2 (cont): Soil Physico-chemcial data for collected soil samples for Stage Two - Detailed soil sampling 
Sample Location Sample # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth 
NO3- 
mg/Kg 
TKN  
mg/Kg 
TN 
mg/Kg %TN 
PO4- 
mg/Kg 
TP  
mg/Kg %TP %OC 
Woongoolba 
D1B1 
Leptic Rudosol LR2 
0.5 77.50 235.00 255.845 0.603 7.625 5.086 0.00051 7.60 
D1B2 0.8 580.00 35.75 280.527 0.116 10.313 5.984 0.00060 4.48 
D1B3 0.9 302.50 45.75 271.348 0.140 13.375 6.115 0.00061 6.23 
Woongoolba 
D2B1 
Chernic Tennosol CT1 
0.4 275.00 94.25 279.813 0.260 32.969 15.123 0.00151 6.28 
D2B2 0.7 477.50 60.75 285.457 0.178 17.906 7.646 0.00076 3.27 
D2B3 1 772.50 17.50 284.061 0.071 30.000 11.367 0.00114 2.25 
Norwell 
D3B1 
Hypersalic Rudsol HR1 
0.4 57.50 66.00 261.488 0.188 3.500 2.067 0.00021 5.13 
D3B2 0.7 72.50 25.50 242.449 0.087 7.469 5.786 0.00058 3.47 
D3B3 0.9 57.50 35.75 257.240 0.114 24.063 9.919 0.00099 3.49 
Pimpama 
D4B1 
Grey Kurosol GKu1 
0.4 355.00 251.25 284.031 0.646 16.875 11.949 0.00119 7.70 
D4B2 0.8 237.50 33.00 262.883 0.107 10.188 10.329 0.00103 3.27 
D4B3 1.2 180.00 41.25 219.193 0.123 6.344 2.680 0.00027 14.56 
Pimpama D5B1 Salic Hydrosol SH2 0.5 222.50 279.25 268.527 0.714 13.969 9.236 0.00092 4.84 
D5B2 1 67.50 52.00 322.790 0.160 8.594 3.953 0.00040 4.39 
Jacobs Well 
D6A 
Redoxic Hydrosol RH1 
0.4 227.50 132.00 310.108 0.356 19.000 10.880 0.00109 8.88 
D6B1 0.8 90.00 29.25 268.527 0.099 40.156 16.531 0.00165 3.28 
D6B2 1.2 75.00 31.00 295.317 0.106 4.844 11.265 0.00113 2.71 
Steglitz 
D7B1 
Intertidal Hydrosol IH1 
0.5 375.00 71.50 245.271 0.200 11.375 4.408 0.00044 4.51 
D7B2 0.7 300.00 42.25 281.922 0.132 11.438 5.769 0.00058 3.99 
D7B3 1.2 167.50 30.25 285.457 0.103 17.219 6.612 0.00066 3.13 
Yatala 
D8B1 
Brown Dermosol BrD1 
0.6 377.50 216.75 308.000 0.564 35.125 16.239 0.00162 12.39 
D8B2 0.8 295.00 289.25 329.860 0.744 24.585 10.106 0.00101 39.50 
D8B3 1.2 65.00 189.00 327.038 0.497 12.875 5.205 0.00052 41.83 
Yatala D9B1 Black Sodosol BS1 0.7 462.50 109.00 319.286 0.300 28.044 12.838 0.00128 19.63 
D9B2 1 112.50 31.75 230.480 0.101 43.212 19.221 0.00192 5.94 
Kingsholme 
D10B1 
Yellow Kandosol YK1 
0.4 345.00 58.25 260.775 0.169 41.875 16.898 0.00169 5.33 
D10B2 0.6 372.50 63.25 272.062 0.183 8.813 2.938 0.00029 6.18 
D10B3 1.2 652.50 26.00 303.069 0.094 17.250 6.888 0.00069 2.62 
Kingsholme D11B1 Leptic Rudosol LR3 0.6 725.00 177.50 312.930 0.468 18.625 13.613 0.00136 61.87 
D11B2 1 737.50 106.75 316.465 0.294 19.813 7.430 0.00074 9.97 
Kingsholme D12B1 Red Kurosol RKu1 0.4 612.50 201.75 311.534 0.527 12.875 13.092 0.00131 9.97 
D12B2 1 118.75 284.00 335.534 0.732 14.063 12.403 0.00124 12.97 
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Table A.2 (cont): Soil Physico-chemcial data for collected soil samples for Stage Two - Detailed soil sampling 
Sample Location Sample  # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth %Sand %Silt %Clay pH 
EC    
(µS-cm) 
Cl-   
mg/Kg 
CEC   
meq/100g 
CCR    
CEC/%C 
Springbrook 
D13B1 
Red Kurosol RKu2 
0.4 20.9 15.4 63.7 3.80 221.50 39.125 45.95 3.17 
D13B2 0.8 18.3 20.7 61.0 3.66 259.90 56.750 30.62 2.21 
D13B3 1 26.2 19.5 54.2 3.62 264.90 73.750 25.73 2.09 
Springbrook D14B1 Brown Ferrosol BrF1 
0.6 25.6 25.1 49.3 4.03 146.80 20.500 30.62 2.73 
D14B2 1.2 5.5 32.0 62.5 4.03 141.20 31.250 27.26 1.92 
Springbrook 
D15B1 
Brown Ferrosol BrF2 
0.4 7.8 19.2 73.0 4.06 172.70 37.250 21.62 1.30 
D15B2 0.6 9.2 26.5 64.3 4.05 143.80 21.000 30.62 2.09 
D15B3 1 8.3 22.9 68.8 3.97 125.80 39.125 21.62 1.38 
Springbrook 
D16B1 
Brown Dermosol BrD2 
0.4 2.6 38.6 58.8 5.05 91.90 21.125 30.62 2.29 
D16B2 0.8 13.1 35.9 51.0 5.33 123.20 26.875 16.18 1.40 
D16B3 1.2 5.1 35.5 59.5 5.21 55.30 23.250 38.61 2.86 
Woongoolba D17B1 Hemic Organosol HO1 
0.6 25.8 33.3 40.8 6.01 14.47 664.750 51.45 2.77 
D17B2 1.2 44.9 20.5 34.7 4.34 14.21 213.500 43.24 2.74 
Cabbage Tree Point 
D18B1 
Semiaquic Podosol SP1 
0.4 81.9 11.8 6.3 4.01 466.00 58.750 2.39 1.67 
D18B2 0.6 84.6 11.9 3.6 3.38 1048.00 43.000 3.58 4.41 
D18B3 1 84.2 11.2 4.6 3.53 1197.00 42.625 4.52 4.29 
Cabbage Tree Point 
D19B1 
Semiaquic Podosol SP2 
0.4 59.3 30.2 10.4 6.71 376.00 1305.00 40.92 17.26 
D19B2 0.8 82.8 12.8 4.4 6.65 304.00 139.000 11.42 11.47 
D19B3 1.2 88.9 8.3 2.8 6.58 153.20 78.000 5.37 8.52 
Jacobs Well D20B1 Bleached-Orthic Tennosol B-OT2 
0.6 98.0 1.0 1.0 4.70 26.90 12.625 0.31 1.38 
D20B2 1 97.0 1.0 2.0 5.11 14.75 16.375 0.18 0.39 
Jacobs Well 
D21B1 
Chernic Tennosol CT2 
0.4 96.0 1.0 3.0 4.70 63.60 42.125 0.79 1.16 
D21B2 0.8 96.0 1.0 2.0 4.67 52.40 43.375 0.67 1.47 
D21B3 1.2 99.0 0.0 1.0 4.48 61.50 39.625 1.06 4.66 
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Table A.2 (cont): Soil Physico-chemcial data for collected soil samples for Stage Two - Detailed soil sampling 
Sample Location Sample # Soil Classification 
Soil 
Class.         
Code 
Sample 
Depth 
NO3- 
mg/Kg 
TKN  
mg/Kg 
TN 
mg/Kg %TN 
PO4- 
mg/Kg 
TP  
mg/Kg %TP %OC 
Springbrook 
D13B1 
Red Kurosol RKu2 
0.4 187.50 196.00 369.363 0.519 2.688 3.989 0.00040 35.15 
D13B2 0.8 131.25 102.50 327.069 0.285 4.750 4.207 0.00042 11.72 
D13B3 1 175.00 69.75 315.069 0.203 2.250 4.497 0.00045 7.79 
Springbrook D14B1 Brown Ferrosol BrF1 0.6 125.00 217.50 339.751 0.569 18.750 10.401 0.00104 10.14 
D14B2 1.2 143.75 95.75 341.177 0.270 36.188 12.788 0.00128 15.82 
Springbrook 
D15B1 
Brown Ferrosol BrF2 
0.4 137.50 80.50 322.821 0.230 8.813 5.512 0.00055 23.20 
D15B2 0.6 187.50 93.25 284.774 0.258 5.000 5.186 0.00052 8.11 
D15B3 1 137.50 99.75 322.821 0.278 12.938 4.751 0.00048 12.28 
Springbrook 
D16B1 
Brown Dermosol BrD2 
0.4 162.50 273.75 310.139 0.704 20.625 22.558 0.00226 15.47 
D16B2 0.8 150.00 327.50 274.883 0.833 55.375 23.356 0.00234 5.07 
D16B3 1.2 100.00 258.25 326.356 0.668 123.188 57.573 0.00576 13.84 
Woongoolba D17B1 Hemic Organosol HO1 0.6 275.00 254.00 344.681 0.659 242.875 85.684 0.00857 67.21 
D17B2 1.2 218.75 129.75 382.076 0.357 284.000 103.320 0.01033 54.09 
Cabbage Tree Point 
D18B1 
Semiaquic Podosol SP1 
0.4 337.50 28.75 310.139 0.102 141.125 68.536 0.00685 2.80 
D18B2 0.6 350.00 61.00 321.425 0.182 110.125 51.660 0.00517 8.21 
D18B3 1 362.50 68.25 327.782 0.201 108.375 37.049 0.00370 10.87 
Cabbage Tree Point 
D19B1 
Semiaquic Podosol SP2 
0.4 893.75 90.00 314.387 0.253 43.875 15.874 0.00159 5.28 
D19B2 0.8 1318.75 49.50 288.992 0.151 11.563 4.477 0.00045 2.64 
D19B3 1.2 575.00 42.00 305.208 0.134 10.813 5.373 0.00054 1.55 
Jacobs Well D20B1 Bleached-Orthic Tennosol  B-OT2  
0.6 150.00 30.25 283.348 0.103 9.250 3.582 0.00036 5.66 
D20B2 1 162.50 29.25 281.240 0.100 9.813 4.497 0.00045 2.73 
Jacobs Well 
D21B1 
Chernic Tennosol CT2 
0.4 400.00 61.00 314.387 0.181 12.938 16.108 0.00161 2.02 
D21B2 0.8 143.75 55.25 310.139 0.167 13.000 5.481 0.00055 2.68 
D21B3 1.2 312.50 54.25 364.402 0.170 9.000 4.466 0.00045 2.21 
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Table A.3: Soil Physico-chemcial data for collected soil samples for Stage Three - Nutrient Assessment 
Sample Location Sample # 
Soil 
Class.1 
Sample 
Depth 
(m) 
pH                EC  (µS-cm) 
Cl-   
mg/Kg 
CEC   
meq/100g 
NO3--N 
mg/Kg 
TKN 
mg/Kg 
TN 
mg/Kg %TN 
PO4- 
mg/Kg 
TP 
mg/Kg %TP %OM 
Currumbin Valley N1 Chromosol 0.6 4.87 13.61 75.50 25.54 6.25 765 771.25 0.077 2.3 13.68 0.0013 5.563 
Currumbin Valley N2 Kurosol 1.0 4.8 21.1 7.50 12.45 2.1 805.5 807.6 0.081 5.85 20.16 0.0020 6.395 
Tallebudgera 
Valley N3 Kurosol 0.8 5.38 17.67 110.63 14.37 5.5 519 524.5 0.052 1.78 13.00 0.0013 5.362 
Tallebudgera 
Valley N4 Dermosol 1.0 5.3 11.63 92.50 23.84 4.25 486 490.25 0.049 2.41 69.59 0.0069 6.309 
Tallebudgera 
Valley N5 Ferrosol 1.0 5.53 12.45 212.25 13.59 4.25 1119 1123.25 0.112 5.17 18.83 0.0018 6.134 
Tallebudgera 
Valley N6 Kurosol 0.5 4.99 12.98 63.88 5.55 13.25 633 646.25 0.065 2.6 9.23 0.0009 4.432 
Tallebudgera N7 Tennosol 0.6 5.45 28.8 110.25 52.19 6.0 2548.5 2554.5 0.255 2.67 26.16 0.0026 11.387 
Bonogin N8 Kurosol 0.5 4.68 59.9 13.50 22.91 2.5 496.5 499 0.050 4.82 8.58 0.0008 6.187 
Mudgeeraba N9 Ferrosol 0.8 4.9 33 33.88 23.06 14.75 675 689.75 0.069 0.72 1.84 0.0001 7.624 
Neranwood N10 Dermosol 0.6 5.45 15.89 147.13 11.30 11.25 1503 1514.25 0.151 2.12 19.05 0.0019 5.811 
Austinville N11 Dermosol 0.6 4.96 14.05 4.63 17.19 2.5 3006 3008.5 0.301 3.87 12.31 0.0012 8.693 
Natural Bridge N12 Dermosol 0.5 5.68 18.01 27.63 32.26 6.5 661.5 668.0 0.067 0.62 0.34 0.0000 8.599 
Worongary N13 Kandosol 0.5 4.84 10.84 5.50 6.91 2.2 421.5 423.7 0.042 5.82 8.15 0.0008 3.599 
Eagleby N14 Dermosol 0.6 4.99 28.8 100.64 11.40 277.0 3118 3395 0.340 11.4 4.04 0.0004 6.900 
Holmview N15 Kurosol 0.6 6.13 64 65.12 16.41 44.0 709 753.0 0.075 5.87 3.29 0.0003 3.409 
Alberton N16 Dermosol 0.8 4.59 166.8 85.46 45.41 18.0 1587 1605.0 0.161 0.96 11.58 0.0011 7.177 
Wolfdene N17 Podosol 1.0 6.15 29.2 59.85 36.66 143.0 1450 1593.0 0.159 4.48 48.91 0.0048 4.470 
Pimpama N18 Podosol 0.6 4.84 12.91 14.21 5.29 62.0 709 771.0 0.077 2.23 15.41 0.0015 1.894 
Willowvale N19 Rudosol 0.8 4.91 22.96 25.45 7.58 38.0 1460 1498.0 0.150 2.04 17.70 0.0017 2.771 
Wongawollen N20 Kurosol 0.7 5.51 18.59 63.21 13.75 44.5 852 896.5 0.090 4.9 3.09 0.0003 6.026 
Clagiraba N21 Chromosol 0.6 5.29 16.24 23.89 40.33 86.0 1358 1444.0 0.144 3.3 5.79 0.0005 5.925 
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Date: 
Label: 
# Samples: 
Location: 
Ref:  Address GPS (x) 
 (y) 
Sensitivity   1 2 3 4 5 
Level: 
Soil Type: Expected (ASC) Actual 
 Sample Depth 
Mottling  Yes No  Depth 
Water Table  Yes No   Depth 
 Description (grading) 
 
 
 
 
 
 
Drainage: 
 
Site Description: 
 
 
 
 
 
 
 
 
Vegetation: 
Weather: 
 
Other  
Comments: 
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Figure C.1: Soil suitability for effluent renovation risk 
classifications established for Gold Coast City. 
 
Figure C.2: Nitrogen risk classifications established for 
Gold Coast City. 
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Figure C.3: Phosphorus risk classifications established for  
Gold Coast City 
 
Figure C.4: Cumulative soil and nutrient risk classifications for 
Gold Coast City 
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Figure C.5: Planning scheme (lot size) risk classifications for  
Gold Coast City 
 
Figure C.6: Slope risk classifications for Gold Coast City 
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Figure C.7: Setback distance risk classifications for Gold Coast City 
 
 
Figure C.8: Flooding risk classifications for Gold Coast City 
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Figure C.9: Environmental risk classifications for Gold Coast City 
 
 
Figure C.10: Public health risk classifications for Gold Coast City 
Appendix C 
Risk Zones Developed for Gold Coast City 
 126 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure C.11a Public health risk classifications for Gold Coast City 
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Figure C.11b Public health risk classifications for Gold Coast City 
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Average (range) concentrations of water quality data from sample monitoring 
locations  
 
Table D.1: Water quality parameters analysed and notation 
Parameter Notation Unit 
Chemical Contaminants   
Water Table Depth Water Table m 
pH pH  
Electrical Conductivity EC µS/cm 
Chlorides Cl- mg/L 
Nitrate NO3- -N mg/L 
Nitrite NO2- -N mg/L 
Total Nitrogen TN mg/L 
Phosphate  PO43-  mg/L 
Total Phosphorus TP mg/L 
Total Carbon TC mg/L 
Inorganic Carbon IC mg/L 
Total Organic Carbon TOC mg/L 
   
Microbiological Contaminants   
Heterotrophic Plate Count HPC cfu/100mL 
Total Coliforms Tot. Col. cfu/100mL 
Feacal Coliforms FC cfu/100mL 
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Table D.2: Concentrations of chemical contaminants – Cabbage Tree Point Groundwater  
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth  
pH EC   mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
CT1 23/06/2003 1.20 5.51 841.00 103.25 42.50 0.54 2.63 45.67 11.25 3.77       
CT1 7/07/2003 1.21 5.50 648.00 146.50 42.50 0.13 20.75 63.38 2.73 6.89       
CT1 21/07/2003 1.21 5.97 476.00 202.25 132.50 0.18 21.00 153.68 3.98 0.22       
CT1 4/08/2003 1.35 5.61 538.00 77.00 25.63 0.16 27.00 52.79 2.59 2.28 26.65 10.99 15.66 
CT1 19/08/2003 1.23 5.87 463.00 71.50 75.80 0.31 6.86 82.98 4.41 1.81 30.68 11.33 19.35 
CT1 1/09/2003 1.35 5.67 488.21 77.90 14.40 0.19 5.10 19.69 1.66 4.27 43.09 31.69 11.40 
CT1 16/09/2003 1.48 5.42 484.72 122.58 36.48 0.20 72.00 108.68 0.73 0.47 40.47 20.63 19.84 
CT1 23/09/2003 1.52 5.54 392.00 69.91 20.16 0.23 16.75 21.37 3.75 4.24 37.22 22.21 15.01 
CT2 23/06/2003 0.84 4.82 2407.00 485.75 15.00 0.89 0.38 16.27 14.75 32.98       
CT2 7/07/2003 0.68 4.76 2247.00 624.00 52.50 0.08 18.75 71.33 3.75 1.16       
CT2 21/07/2003 0.71 4.93 2060.00 495.00 25.00 0.13 14.14 39.27 3.68 1.20       
CT2 4/08/2003 0.90 4.60 2058.00 459.50 11.25 0.10 25.88 37.23 2.25 4.85 17.33 7.55 9.78 
CT2 19/08/2003 0.49 4.86 1725.00 308.50 17.49 0.04 22.95 40.48 5.83 2.66 15.76 5.90 9.86 
CT2 1/09/2003 0.89 4.61 1849.37 335.10 22.80 0.03 13.75 36.58 1.47 2.20 30.65 22.72 7.93 
CT2 16/09/2003 1.15 4.74 1812.75 292.27 8.16 0.07 17.50 25.73 8.95 3.77 30.20 22.35 7.85 
CT2 23/09/2003 1.20 4.71 1618.00 306.30 15.84 0.07 6.75 10.35 3.98 9.33 25.21 15.34 9.87 
CT3 23/06/2003 0.42 6.01 1325.00 230.25 25.00 0.47 4.13 29.60 7.75 3.10       
CT3 7/07/2003 0.21 6.02 1376.00 434.50 42.50 0.10 18.75 61.35 3.18 1.24       
CT3 21/07/2003 0.20 6.24 1334.00 333.25 35.00 0.15 14.14 49.29 3.80 1.28       
CT3 4/08/2003 0.46 6.09 1354.00 287.00 10.63 0.13 26.25 37.00 2.40 11.09 35.95 28.48 7.47 
CT3 19/08/2003 0.00 5.91 1251.00 221.50 19.99 0.04 9.19 29.22 1.67 4.03 39.68 33.09 6.59 
CT3 1/09/2003 0.40 6.15 1175.12 245.53 3.60 0.02 12.75 16.37 4.19 5.08 46.88 41.54 5.34 
CT3 16/09/2003 0.72 5.93 1489.59 283.77 6.72 0.03 15.50 22.25 22.21 8.82 56.68 54.10 2.58 
CT3 23/09/2003 0.78 5.82 1133.00 218.32 12.96 0.03 11.75 14.69 4.70 16.55 51.36 46.31 5.05 
CT4 23/06/2003 1.34 4.85 693.00 124.00 22.50 1.11 7.13 30.73 4.25 3.85       
CT4 7/07/2003 1.27 4.51 628.00 161.50 37.50 0.12 22.25 59.87 3.30 1.20       
CT4 21/07/2003 1.10 4.89 590.00 125.75 27.50 0.16 16.76 44.42 2.92 1.24       
CT4 4/08/2003 1.29 4.35 656.00 105.75 9.38 0.10 41.25 50.73 0.96 11.21 8.11 4.48 3.63 
CT4 19/08/2003 1.06 4.88 492.00 48.50 10.83 0.05 5.81 16.69 2.50 3.49 9.17 8.10 1.06 
CT4 1/09/2003 1.26 4.70 533.28 52.21 7.80 0.03 26.25 34.08 1.28 2.22 10.06 8.98 1.08 
CT4 16/09/2003 1.32 5.09 492.19 50.46 8.16 0.03 14.00 22.19 1.75 3.12 14.86 14.29 0.57 
CT4 23/09/2003 1.33 4.69 568.00 47.48 15.36 0.04 13.75 17.23 5.32 3.49 12.33 11.42 0.91 
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Table D.2 (Cont): Concentrations of chemical contaminants – Cabbage Tree Point Groundwater 
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth 
pH EC   µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
CT5 23/06/2003 0.21 5.89 32900.00 3424.97 32.50 0.55 17.63 50.67 22.00 3.79       
CT5 7/07/2003 0.05 5.97 31300.00 3327.11 37.50 0.16 24.00 61.66 4.35 1.59       
CT5 21/07/2003 0.05 6.08 29200.00 8010.00 30.00 0.20 22.50 52.70 3.93 1.26       
CT5 4/08/2003 0.32 5.81 29100.00 9320.00 14.38 0.05 27.75 42.17 2.25 1.75 39.06 29.58 9.48 
CT5 19/08/2003 0.00 5.62 27300.00 5087.50 41.65 0.06 17.14 58.84 1.25 4.66 44.33 39.27 5.06 
CT5 1/09/2003 0.28 5.52 28405.71 5750.17 7.20 0.03 69.00 76.23 0.20 5.98 62.12 56.55 5.57 
CT5 16/09/2003 0.46 5.36 32224.68 5254.43 9.12 0.03 53.75 62.90 1.73 0.08 67.56 62.20 5.36 
CT5 23/09/2003 0.57 5.81 18130.00 4915.82 16.80 0.04 43.25 47.06 1.48 1.08 88.03 85.83 2.20 
CT6 23/06/2003 0.83 6.25 7770.00 811.27 42.50 1.17 5.25 48.92 31.23 2.15       
CT6 7/07/2003 0.78 6.18 6250.00 677.86 35.00 0.11 23.25 58.36 2.53 1.22       
CT6 21/07/2003 0.93 6.21 5410.00 1495.00 22.50 0.15 17.51 40.16 3.00 1.26       
CT6 4/08/2003 0.91 6.68 5070.00 1620.00 9.38 0.07 27.38 36.82 2.03 1.18 37.49 30.87 6.62 
CT6 19/08/2003 0.81 6.15 2227.00 465.00 9.16 0.05 3.56 12.77 4.33 3.40 20.68 16.59 4.09 
CT6 1/09/2003 0.76 6.37 2072.54 492.43 3.00 0.03 49.75 52.78 0.68 2.37 88.13 86.05 2.08 
CT6 16/09/2003 1.15 6.21 2383.97 724.00 4.32 0.04 40.50 44.86 1.39 1.25 88.20 87.64 0.56 
CT6 23/09/2003 1.05 6.12 6650.00 450.14 14.40 0.05 42.75 46.02 1.58 2.28 88.69 84.37 4.32 
CT7 23/06/2003 0.72 5.10 1157.00 169.25 27.50 0.92 1.88 30.30 2.75 2.19       
CT7 7/07/2003 0.72 5.25 1057.00 221.00 42.50 0.12 21.00 63.62 2.75 1.51       
CT7 21/07/2003 0.66 5.27 801.00 118.25 27.50 0.16 6.00 33.66 2.55 0.61       
CT7 4/08/2003 0.75 5.22 729.00 94.50 8.13 0.08 27.75 35.96 1.45 5.99 21.61 7.88 13.73 
CT7 19/08/2003 0.60 5.52 470.00 50.00 24.99 0.03 8.78 33.80 2.33 0.85 29.36 8.66 20.70 
CT7 1/09/2003 0.63 5.61 475.47 53.24 9.00 0.02 15.50 24.52 1.06 3.35 43.42 33.33 10.09 
CT7 16/09/2003 1.20 5.81 553.92 73.73 4.80 0.03 25.25 30.08 2.95 0.60 34.30 30.41 3.89 
CT7 23/09/2003 0.92 5.62 574.00 48.00 12.48 0.04 18.00 20.83 1.26 8.38 34.37 33.14 1.23 
CT8 23/06/2003 1.18 --- --- --- --- --- --- --- --- ---       
CT8 7/07/2003 1.15 6.31 512.00 186.50 32.50 0.13 22.75 55.38 4.08 2.30       
CT8 21/07/2003 0.73 6.64 644.00 167.25 25.00 0.17 2.25 27.42 2.80 2.06       
CT8 4/08/2003 0.53 6.25 472.00 102.00 9.38 0.04 46.50 55.92 1.21 0.86 9.78 5.68 4.10 
CT8 19/08/2003 0.75 6.07 401.00 67.00 19.99 0.00 8.06 28.06 1.50 3.24 8.15 3.34 4.81 
CT8 1/09/2003 0.71 6.01 374.20 75.45 7.20 0.00 19.50 26.70 1.68 2.40 11.40 8.02 3.38 
CT8 16/09/2003 1.00 5.59 449.57 115.38 9.60 0.02 11.75 21.37 1.49 0.66 16.33 7.23 9.11 
CT8 23/09/2003 1.51 6.09 342.00 66.21 14.40 0.03 14.00 17.26 2.61 6.19 12.18 9.70 2.48 
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Table D.2 (Cont): Concentrations of chemical contaminants – Cabbage Tree Point Surface Water 
Sample 
No. 
Sample 
Date pH 
EC   
mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
CTS1 23/06/2003 6.90 49300.00 5945.82 7.50 0.11 1.50 14.28 0.61 1.69       
CTS1 7/07/2003 7.48 48500.00 5935.64 6.67 0.08 19.00 25.74 0.26 0.49       
CTS1 21/07/2003 8.20 51600.00 14110.00 6.67 0.12 14.33 21.11 0.25 0.53       
CTS1 4/08/2003 8.06 52500.00 17150.00 6.88 0.08 6.56 13.52 7.30 3.93 29.01 26.01 3.00 
CTS1 19/08/2003 6.09 46300.00 15087.50 1.67 0.05 2.54 4.25 0.22 4.83 25.34 21.78 3.56 
CTS1 1/09/2003 6.24 46500.82 15948.76 1.20 0.03 9.19 10.42 0.92 2.66 31.32 28.96 2.36 
CTS1 16/09/2003 7.26 53501.01 17844.16 4.32 0.04 4.50 8.86 10.69 2.27 31.13 29.31 1.82 
CTS1 23/09/2003 7.32 54489.43 14531.71 12.00 0.04 17.50 20.22 5.21 4.25 31.25 27.49 3.76 
CTS2 23/06/2003 7.52 49700.00 5471.65 9.17 0.07 0.75 9.99 1.02 1.40       
CTS2 7/07/2003 7.91 50700.00 5257.87 8.33 0.08 21.75 30.16 0.92 1.45       
CTS2 21/07/2003 8.28 51800.00 13610.00 6.67 0.12 16.39 23.18 0.23 1.48       
CTS2 4/08/2003 8.13 52300.00 17950.00 6.25 0.04 5.91 12.20 2.65 2.53 29.63 28.79 0.84 
CTS2 19/08/2003 6.47 46200.00 11862.50 8.33 0.06 2.37 10.76 0.01 2.87 26.55 25.21 1.34 
CTS2 1/09/2003 6.78 46213.03 13589.38 1.26 0.03 3.88 5.17 0.64 2.53 33.97 32.87 1.10 
CTS2 16/09/2003 7.72 53138.05 16147.65 3.84 0.03 7.44 11.31 19.78 3.92 32.89 31.76 1.13 
CTS2 23/09/2003 6.93 54815.27 11769.90 11.52 0.03 12.00 14.61 3.10 3.75 30.01 29.75 0.26 
CTS3 23/06/2003 7.58 47000.00 3772.27 6.67 0.05 1.13 7.85 1.42 1.69       
CTS3 7/07/2003 7.74 47000.00 4007.66 5.00 0.10 25.50 30.60 1.22 0.61       
CTS3 21/07/2003 7.57 46500.00 14130.00 5.00 0.15 19.20 24.35 0.19 0.65       
CTS3 4/08/2003 7.69 47800.00 16170.00 6.25 0.03 5.72 12.00 2.28 0.58 29.14 28.48 0.66 
CTS3 19/08/2003 6.75 35200.00 7950.00 6.66 0.06 3.02 9.75 0.18 2.98 23.53 20.35 3.18 
CTS3 1/09/2003 6.56 35395.30 8836.31 1.80 0.03 8.38 10.21 1.10 2.66 32.03 31.57 0.46 
CTS3 16/09/2003 7.14 37255.50 8557.97 5.28 0.04 2.75 8.07 1.60 2.36 30.99 30.69 0.30 
CTS3 23/09/2003 6.62 36085.48 8081.26 11.04 0.04 10.25 12.76 2.17 5.96 29.91 29.78 0.13 
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Table D.3: Concentrations of chemical contaminants – Jacobs Well Groundwater 
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth 
pH EC   µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
JW1 23/06/2003 0.42 6.60 592.00 227.75 60.00 1.43 7.50 68.93 19.75 7.75       
JW1 7/07/2003 0.71 5.65 135.90 100.75 142.50 0.60 28.75 171.85 9.48 3.16       
JW1 21/07/2003 0.71 5.25 249.00 74.00 65.00 0.65 9.00 74.65 13.08 0.82       
JW1 4/08/2003 0.88 5.36 208.60 32.50 31.88 0.12 22.88 54.87 1.58 0.57 26.35 5.23 21.12 
JW1 19/08/2003 0.62 6.71 193.20 24.25 10.83 0.06 2.21 13.11 2.25 2.60 32.93 7.73 25.21 
JW1 1/09/2003 0.90 6.40 202.70 27.22 9.00 0.04 36.25 45.29 1.18 2.27 31.83 9.95 21.88 
JW1 16/09/2003 1.14 6.92 195.02 27.81 19.20 0.03 41.75 60.98 1.93 2.58 71.52 18.28 53.24 
JW1 23/09/2003 1.16 5.17 104.90 25.06 18.24 0.04 23.75 27.88 1.56 7.72 23.80 11.74 12.06 
JW2 23/06/2003 0.76 5.29 164.90 89.00 95.00 2.71 8.25 105.96 21.25 13.42       
JW2 7/07/2003 0.38 5.71 214.30 102.50 130.00 0.50 30.00 160.50 7.00 2.53       
JW2 21/07/2003 0.46 5.80 188.50 55.25 55.00 0.54 22.58 78.12 6.53 2.56       
JW2 4/08/2003 0.60 5.52 137.70 35.00 20.00 0.06 18.38 38.44 1.48 8.60 9.00 1.74 7.26 
JW2 19/08/2003 0.36 6.37 174.80 19.00 8.33 0.03 2.44 10.80 1.83 3.95 21.27 10.11 11.16 
JW2 1/09/2003 0.59 5.87 187.79 20.60 4.20 0.02 17.00 21.22 3.69 2.85 16.14 7.85 8.29 
JW2 16/09/2003 0.74 6.46 186.18 20.48 12.96 0.04 8.75 21.75 11.44 9.56 15.33 10.43 4.90 
JW2 23/09/2003 0.81 6.59 176.83 18.21 16.32 0.38 10.25 14.05 1.25 4.29 12.94 9.81 3.13 
JW3 23/06/2003 0.21 5.97 1218.00 578.25 220.00 3.94 7.88 231.81 2.73 15.92       
JW3 7/07/2003 0.10 5.35 138.70 86.50 215.00 0.90 32.75 248.65 5.85 8.46       
JW3 21/07/2003 0.00 6.21 1019.00 324.00 122.50 0.95 8.33 131.77 5.50 1.41       
JW3 4/08/2003 0.30 6.18 882.00 246.00 86.88 0.28 22.13 109.28 2.18 13.21 27.63 13.92 13.71 
JW3 19/08/2003 0.00 6.33 789.00 159.00 102.46 0.48 3.71 106.65 1.08 1.01 22.65 11.18 11.47 
JW3 1/09/2003 0.23 5.99 743.42 177.45 34.20 0.27 23.75 58.22 3.24 0.47 38.30 23.78 14.52 
JW3 16/09/2003 0.44 5.84 926.46 237.80 46.56 0.45 17.00 64.01 2.63 10.02 34.92 21.36 13.56 
JW3 23/09/2003 0.49 5.80 865.37 157.95 69.60 0.47 64.50 80.36 3.93 5.28 35.91 24.20 11.71 
JW4 23/06/2003 1.23 5.61 203.90 47.25 32.50 2.21 2.63 37.33 7.00 10.42       
JW4 7/07/2003 1.29 6.01 1046.00 624.00 97.50 0.38 29.50 127.38 14.23 7.79       
JW4 21/07/2003 1.29 5.60 148.40 75.75 50.00 0.42 22.20 72.62 4.20 7.82       
JW4 4/08/2003 1.40 5.17 180.90 54.25 39.38 0.14 36.38 75.89 4.83 2.85 39.11 5.43 33.68 
JW4 19/08/2003 1.22 5.84 283.00 59.50 11.66 0.04 1.95 13.65 2.08 4.03 33.28 6.94 26.34 
JW4 1/09/2003 1.39 5.49 294.26 64.69 3.60 0.03 20.50 24.13 1.40 1.92 50.43 20.74 29.69 
JW4 16/09/2003 1.55 5.73 331.27 78.39 8.64 0.27 21.00 29.91 2.25 5.89 97.61 31.62 65.99 
JW4 23/09/2003 1.60 4.97 538.00 60.89 63.36 0.29 41.50 55.90 2.25 4.35 168.60 43.43 125.17 
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Table D.3 (cont): Concentrations of chemical contaminants – Jacobs Well Groundwater 
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth 
pH EC   mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
JW5 23/06/2003 2.20 6.19 350.00 47.50 30.00 2.66 6.00 38.66 14.98 11.00       
JW5 7/07/2003 2.20 5.30 222.20 82.50 27.50 0.06 29.50 57.06 3.65 2.04       
JW5 21/07/2003 2.21 5.25 213.40 85.25 17.50 0.11 8.25 25.86 1.40 1.00       
JW5 4/08/2003 2.34 4.79 198.80 63.25 7.50 0.02 20.63 28.14 2.20 2.49 16.98 3.71 13.28 
JW5 19/08/2003 2.22 5.56 162.80 32.75 13.33 0.06 1.54 14.93 2.50 6.69 19.45 6.71 12.74 
JW5 1/09/2003 2.97 5.73 165.66 36.37 1.80 0.04 27.75 29.59 2.84 2.76 27.42 14.50 12.92 
JW5 16/09/2003 2.52 5.22 160.39 56.95 6.72 0.03 12.00 18.75 4.63 6.04 29.59 18.14 11.45 
JW5 23/09/2003 2.50 5.28 186.21 33.28 10.56 0.04 20.50 22.90 2.44 5.63 31.99 22.22 9.77 
JW6 23/06/2003 1.59 6.93 485.00 19.25 25.00 3.09 7.88 35.97 6.40 6.00       
JW6 7/07/2003 1.66 6.80 449.00 40.00 25.00 0.09 30.00 55.09 1.98 5.10       
JW6 21/07/2003 1.64 7.08 410.00 33.25 20.00 0.13 22.58 42.71 4.75 5.13       
JW6 4/08/2003 1.75 7.35 421.00 17.00 10.00 0.02 9.30 19.32 3.26 18.79 45.51 42.90 2.61 
JW6 19/08/2003 1.65 6.55 403.00 7.50 14.99 0.06 1.31 16.36 2.33 2.68 45.29 42.49 2.80 
JW6 1/09/2003 1.75 6.17 432.90 8.10 6.60 0.04 6.50 13.14 0.24 3.08 58.71 58.19 0.52 
JW6 16/09/2003 1.82 6.43 389.33 8.66 6.24 0.05 12.50 18.79 10.15 12.98 60.74 59.22 1.52 
JW6 23/09/2003 1.85 6.59 388.00 7.75 12.48 0.05 15.25 18.09 2.09 6.82 59.78 59.04 0.74 
JW7 23/06/2003 1.23 3.92 140.20 42.25 62.50 1.29 7.50 71.29 6.50 10.92       
JW7 7/07/2003 1.27 3.95 142.70 72.50 87.50 0.30 29.75 117.55 16.45 13.66       
JW7 21/07/2003 1.21 3.91 137.80 77.25 70.00 0.34 22.39 92.73 10.03 13.69       
JW7 4/08/2003 1.45 3.93 120.00 37.00 50.00 0.01 6.75 56.76 5.93 15.90 77.23 6.92 70.31 
JW7 19/08/2003 1.30 4.03 127.10 26.00 31.00 0.13 2.51 33.65 10.94 3.05 68.71 6.50 62.21 
JW7 1/09/2003 1.41 3.63 127.52 29.33 7.20 0.15 30.75 38.10 3.81 5.25 80.96 10.16 70.80 
JW7 16/09/2003 1.57 3.89 147.67 34.38 32.16 0.04 45.50 77.70 10.19 5.40 114.10 21.82 92.28 
JW7 23/09/2003 1.62 3.92 205.90 26.35 35.52 0.05 30.75 38.79 7.53 13.68 93.54 14.04 79.50 
JW8 23/06/2003 1.24 5.21 285.00 76.00 70.00 1.72 3.75 75.47 22.25 12.17       
JW8 7/07/2003 1.50 4.99 254.70 44.00 60.00 0.20 33.50 93.70 6.80 2.43       
JW8 21/07/2003 1.49 5.30 250.80 33.00 72.50 0.25 25.20 97.95 7.20 2.46       
JW8 4/08/2003 1.61 5.03 217.50 32.00 32.50 0.10 8.40 41.00 3.33 9.78 16.32 3.46 12.86 
JW8 19/08/2003 1.46 5.09 263.00 6.00 16.00 0.06 3.71 19.77 11.64 7.44 18.39 4.35 14.04 
JW8 1/09/2003 1.64 5.14 238.23 6.53 7.26 0.06 33.50 40.82 0.44 1.99 17.86 4.28 13.58 
JW8 16/09/2003 1.45 5.07 282.30 7.10 12.48 0.17 14.50 27.15 3.10 4.71 29.64 11.68 17.96 
JW8 23/09/2003 1.79 4.79 94.90 6.26 14.88 0.17 12.50 15.91 0.65 4.26 18.94 7.41 11.53 
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Table D.3 (Cont): Concentrations of chemical contaminants – Jacobs Well Surface Water 
Sample 
No. 
Sample 
Date pH 
EC   
mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
JWS1 23/06/2003 6.60 59200.00 227.75 60.00 1.43 7.50 67.94 19.75 1.94       
JWS1 7/07/2003 7.32 50800.00 4148.12 8.33 0.05 27.75 36.13 0.88 0.31       
JWS1 21/07/2003 7.86 51200.00 15040.00 5.83 0.10 20.89 26.82 6.68 0.34       
JWS1 4/08/2003 8.03 53100.00 16720.00 6.88 0.09 1.35 8.31 3.71 0.76 28.87 25.11 3.76 
JWS1 19/08/2003 7.54 46600.00 12887.50 5.00 0.01 2.93 7.94 0.51 14.62 25.34 21.99 3.35 
JWS1 1/09/2003 7.75 46523.25 13882.05 9.60 0.01 6.00 15.61 0.17 3.31 31.81 28.83 2.98 
JWS1 16/09/2003 7.36 54834.69 20290.87 12.48 0.01 2.38 14.87 0.33 7.93 31.76 29.59 2.17 
JWS1 23/09/2003 7.42 54887.71 12537.67 12.00 0.01 16.25 18.96 5.63 6.16 30.08 26.94 3.14 
JWS2 23/06/2003 7.45 49400.00 5648.96 4.17 0.11 3.00 7.27 4.03 1.88       
JWS2 7/07/2003 7.85 50500.00 5177.66 6.67 0.05 27.50 34.22 1.49 0.51       
JWS2 21/07/2003 8.16 51400.00 15720.00 4.17 0.10 20.70 24.97 5.18 0.55       
JWS2 4/08/2003 8.14 52300.00 19310.00 6.25 0.06 2.29 8.60 7.20 1.30 29.06 27.74 1.32 
JWS2 19/08/2003 7.59 46300.00 13325.00 1.50 0.02 1.58 3.09 1.09 4.53 26.10 24.39 1.71 
JWS2 1/09/2003 7.54 46278.09 14961.78 10.20 0.02 4.63 14.84 0.18 3.31 31.80 31.34 0.46 
JWS2 16/09/2003 7.00 54018.20 17095.42 12.00 0.01 3.44 15.45 0.48 4.01 30.77 30.35 0.42 
JWS2 23/09/2003 7.75 54368.24 13153.35 11.52 0.02 15.00 17.61 6.26 4.08 30.62 29.53 1.09 
JWS3 23/06/2003 7.76 49300.00 4803.71 23.33 0.14 2.25 25.73 3.00 2.17       
JWS3 7/07/2003 7.87 47600.00 4898.11 8.33 0.06 25.75 34.14 0.57 1.22       
JWS3 21/07/2003 8.17 51300.00 14850.00 4.17 0.11 19.39 23.66 2.96 1.26       
JWS3 4/08/2003 8.04 51400.00 14820.00 8.13 0.06 1.43 9.61 5.11 2.04 28.82 27.54 1.28 
JWS3 19/08/2003 7.69 45700.00 8037.50 8.00 0.01 1.46 9.48 1.12 3.98 25.38 24.25 1.13 
JWS3 1/09/2003 7.23 46088.28 9042.32 9.66 0.01 10.38 20.05 0.08 3.17 32.54 31.29 1.25 
JWS3 16/09/2003 7.24 50535.89 7777.52 10.56 0.02 2.06 12.64 0.45 7.13 30.46 30.25 0.21 
JWS3 23/09/2003 7.65 54231.81 12691.66 11.52 0.02 13.00 15.61 6.66 4.09 30.05 29.60 0.45 
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Table D.4: Concentrations of chemical contaminants – Coomera Groundwater 
Sample 
No. 
Sample 
Date 
Depth to 
Water 
Table 
pH EC   mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
CO1 24/06/2003 1.30 7.77 4040.00 767.30 55.00 0.69 1.50 57.19 14.15 4.60       
CO1 8/07/2003 1.34 7.76 4290.00 714.87 192.50 0.36 27.25 220.11 5.46 2.31       
CO1 22/07/2003 1.36 6.05 3460.00 1150.00 205.00 0.41 1.88 207.28 5.15 1.88       
CO1 5/08/2003 1.39 6.09 3870.00 1330.00 65.63 0.29 19.00 84.91 4.56 5.00 27.95 18.60 9.35 
CO1 20/08/2003 1.35 6.90 4270.00 990.00 18.00 0.30 21.75 40.05 6.18 0.78 22.60 16.17 6.43 
CO1 2/09/2003 1.40 6.68 4086.43 1042.76 37.50 0.28 55.25 93.03 6.46 0.98 40.38 14.43 25.95 
CO1 17/09/2003 1.45 6.61 4537.16 1450.00 17.50 0.20 51.75 69.45 8.25 1.50 52.26 20.12 32.14 
CO1 24/09/2003 1.49 6.02 3080.00 1075.90 20.00 0.11 22.50 27.05 4.35 0.25 43.58 24.85 18.73 
CO2 24/06/2003 0.72 6.15 3480.00 727.58 35.00 0.73 4.13 39.85 4.25 1.69       
CO2 8/07/2003 0.68 6.26 3920.00 665.61 47.50 0.09 22.00 69.59 5.51 2.44       
CO2 22/07/2003 0.72 6.04 3570.00 1370.00 65.00 0.13 2.63 67.76 0.83 2.75       
CO2 5/08/2003 0.90 6.21 4980.00 1495.00 61.88 0.15 11.50 73.53 3.65 1.19 55.40 46.09 9.31 
CO2 20/08/2003 0.69 6.63 3080.00 885.00 16.50 0.37 11.00 27.87 5.41 9.52 45.19 36.82 8.37 
CO2 2/09/2003 0.98 5.99 3300.34 996.69 28.75 0.18 34.00 62.93 4.78 3.91 68.35 60.18 8.17 
CO2 17/09/2003 1.25 6.18 3579.52 1375.00 34.00 0.09 16.50 50.59 2.38 21.63 69.42 64.87 4.55 
CO2 24/09/2003 1.35 5.97 4640.00 1511.16 43.50 0.20 30.50 40.39 5.83 7.15 81.58 78.55 3.03 
 
 
Table D.4 (cont): Concentrations of chemical contaminants – Coomera Surface Water 
Sample 
No. 
Sample 
Date pH 
EC   
mS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
COS1 24/06/2003 6.87 40400.00 3626.64 6.67 0.07 1.13 7.87 11.70 3.15       
COS1 8/07/2003 7.39 46200.00 3464.87 15.00 0.06 25.25 40.31 1.25 4.56       
COS1 22/07/2003 7.49 48300.00 13210.00 6.67 0.11 4.75 11.53 0.02 4.68       
COS1 5/08/2003 7.81 46900.00 16220.00 5.63 0.01 13.50 19.14 2.41 0.89 28.34 24.21 4.13 
COS1 20/08/2003 6.56 46200.00 11712.50 1.50 0.02 9.25 10.77 10.35 3.15 33.23 28.32 4.91 
COS1 2/09/2003 6.43 48924.67 12643.71 10.63 0.02 3.44 14.08 1.31 2.64 38.64 33.67 4.97 
COS1 17/09/2003 6.26 50224.99 11572.42 12.50 0.02 5.75 18.27 0.26 6.23 32.50 38.56 6.06 
COS1 24/09/2003 6.77 53969.37 12542.00 15.50 0.02 26.25 29.76 4.62 6.20 41.07 35.10 5.97 
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Table D.5: Concentrations of chemical contaminants – Bonogin Groundwater 
Sample 
No. 
Sample 
Date 
Depth to 
Water 
Table 
pH EC   µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
BO1 24/06/2003 3.00 6.41 442.00 109.75 55.00 0.09 2.63 57.72 5.80 3.21       
BO1 8/07/2003 2.95 6.36 427.00 96.00 135.00 0.86 24.50 160.36 0.81 14.63       
BO1 22/07/2003 3.12 6.38 439.00 114.25 120.00 0.91 1.88 122.78 13.48 1.88       
BO1 5/08/2003 3.26 6.42 379.00 61.75 51.25 0.42 11.75 63.42 1.75 1.06 29.08 27.21 1.87 
BO1 20/08/2003 3.38 7.41 451.00 35.75 58.50 0.28 14.25 73.03 11.86 2.05 38.76 37.99 0.77 
BO1 2/09/2003 3.49 6.85 431.13 41.04 30.19 0.29 12.75 43.23 1.66 0.09 39.05 38.06 0.99 
BO1 17/09/2003 3.67 7.48 498.41 35.27 14.00 0.36 9.50 23.86 1.60 7.23 39.81 39.32 0.49 
BO1 24/09/2003 3.66 6.68 533.89 37.92 27.00 0.42 13.75 19.98 10.60 0.31 38.71 38.05 0.66 
BO2 24/06/2003   --- --- --- --- --- --- --- --- ---       
BO2 8/07/2003 2.74 --- --- --- --- --- --- --- --- ---       
BO2 22/07/2003 --- --- --- --- --- --- --- --- --- ---       
BO2 5/08/2003   --- --- --- --- --- --- --- --- ---       
BO2 20/08/2003   --- --- --- --- --- --- --- --- ---       
BO2 2/09/2003 --- --- --- --- --- --- --- --- --- ---       
BO2 17/09/2003 --- --- --- --- --- --- --- --- --- ---       
BO2 24/09/2003 --- --- --- --- --- --- --- --- --- ---       
BO3 24/06/2003 3.20 6.58 338.00 158.50 160.00 0.27 1.13 161.39 10.82 1.77       
BO3 8/07/2003 1.53 6.97 580.00 87.50 87.50 0.12 20.75 108.37 0.85 9.56       
BO3 22/07/2003 3.50 6.03 217.80 109.75 77.50 0.16 3.91 81.57 13.95 9.68       
BO3 5/08/2003 3.73 6.12 302.20 97.50 33.75 0.21 14.75 48.71 10.95 4.06       
BO3 20/08/2003 1.83 --- --- --- --- --- --- --- --- ---       
BO3 2/09/2003 3.84 --- --- --- --- --- --- --- --- ---       
BO3 17/09/2003 0.00 --- --- --- --- --- --- --- --- ---       
BO3 24/09/2003 0.00 --- --- --- --- --- --- --- --- ---       
BO4 24/06/2003 1.12 6.54 586.00 65.50 17.50 0.32 3.75 21.57 17.66 1.98       
BO4 8/07/2003 0.99 6.56 490.00 112.25 65.00 0.12 32.00 97.12 1.53 40.75       
BO4 22/07/2003 1.80 6.45 499.00 134.25 70.00 0.16 2.25 72.41 7.45 1.81       
BO4 5/08/2003 1.13 6.44 502.00 82.75 15.00 0.06 14.50 29.56 3.38 2.06 28.61 27.99 0.62 
BO4 20/08/2003 1.17 7.31 479.00 69.75 17.00 0.14 15.75 32.89 8.27 4.27 36.45 34.64 1.81 
BO4 2/09/2003 1.20 7.30 437.87 78.54 8.75 0.15 26.25 35.15 1.74 2.25 34.37 34.08 0.29 
BO4 17/09/2003 1.20 7.22 565.63 67.30 5.00 0.18 19.75 24.93 0.65 9.88 36.15 30.75 5.40 
BO4 24/09/2003 1.30 7.30 526.50 77.57 13.50 0.23 22.50 25.62 3.74 4.20 36.26 34.30 1.96 
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Table D.5 (cont): Concentrations of chemical contaminants – Bonogin Groundwater 
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth  
pH EC   µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
BO5 24/06/2003 1.59 6.44 592.00 75.50 25.00 0.33 1.50 26.83 1.23 1.96       
BO5 8/07/2003 1.47 5.65 238.60 210.25 79.75 0.10 33.25 113.10 8.70 6.06       
BO5 22/07/2003 1.57 7.14 265.00 657.75 180.00 0.14 6.10 186.25 19.98 6.18       
BO5 5/08/2003 1.64 --- --- --- --- --- --- --- --- ---       
BO5 20/08/2003 1.69 --- --- --- --- --- --- --- --- ---       
BO5 2/09/2003 1.87 --- --- --- --- --- --- --- --- ---       
BO5 17/09/2003 --- --- --- --- --- --- --- --- --- ---       
BO5 24/09/2003 --- --- --- --- --- --- --- --- --- ---       
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Table D.5 (cont): Concentrations of chemical contaminants – Bonogin Surface Water 
Sample 
No. 
Sample 
Date pH 
EC   
µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
BOS1 24/06/2003 6.73 313.00 68.25 6.67 0.12 8.25 15.04 2.36 2.54       
BOS1 8/07/2003 6.45 230.10 70.50 9.17 0.09 25.75 35.00 0.39 4.69       
BOS1 22/07/2003 6.98 274.50 72.50 5.00 0.13 4.85 9.98 1.11 4.80       
BOS1 5/08/2003 6.64 288.00 76.75 8.13 0.02 2.50 10.64 4.42 2.25 8.95 8.28 0.67 
BOS1 20/08/2003 7.47 291.00 53.00 5.00 0.08 1.50 6.58 5.84 0.74 13.41 11.81 1.60 
BOS1 2/09/2003 6.93 285.29 59.97 9.38 0.09 4.69 14.15 6.63 5.45 13.10 6.58 6.52 
BOS1 17/09/2003 7.12 298.58 51.75 5.50 0.11 2.69 8.29 0.46 9.60 16.71 11.24 5.47 
BOS1 24/09/2003 6.82 320.92 60.30 12.50 0.12 10.75 13.61 10.82 5.45 17.07 13.74 3.33 
BOS2 24/06/2003 7.48 332.00 71.50 6.75 0.10 4.50 11.35 2.73 2.90       
BOS2 8/07/2003 6.82 253.30 71.75 9.17 0.08 19.00 28.24 1.11 5.06       
BOS2 22/07/2003 7.10 322.00 82.50 7.50 0.12 3.58 11.20 3.12 5.18       
BOS2 5/08/2003 6.87 344.00 68.50 9.38 0.02 2.31 11.70 3.33 2.31 10.52 5.67 4.85 
BOS2 20/08/2003 7.39 365.00 52.00 2.00 0.08 0.94 3.01 4.66 10.44 13.70 8.15 5.55 
BOS2 2/09/2003 6.94 398.64 57.89 10.00 0.08 5.31 15.39 5.80 2.42 13.05 7.24 5.81 
BOS2 17/09/2003 7.64 367.22 49.43 4.50 0.08 2.19 6.77 0.53 8.40 17.56 12.23 5.33 
BOS2 24/09/2003 7.71 374.75 59.22 11.50 0.08 11.25 13.87 2.09 4.40 17.81 13.13 4.68 
BOS3 24/06/2003 7.46 482.00 68.75 8.33 0.05 3.75 12.13 0.73 2.65       
BOS3 8/07/2003 6.70 248.30 73.83 6.67 0.07 12.75 19.49 0.50 4.75       
BOS3 22/07/2003 7.21 303.00 91.50 5.83 0.12 2.41 8.36 3.32 4.86       
BOS3 5/08/2003 6.77 319.00 82.50 8.75 0.02 1.88 10.65 3.17 2.13 9.42 5.20 4.22 
BOS3 20/08/2003 7.41 302.00 35.75 3.00 0.03 2.00 5.03 2.45 11.12 11.63 7.26 4.37 
BOS3 2/09/2003 6.73 302.11 38.42 9.44 0.03 3.69 13.15 3.15 3.12 10.72 6.46 4.27 
BOS3 17/09/2003 7.83 317.54 35.37 4.00 0.03 5.81 9.84 1.43 36.73 14.05 8.65 5.40 
BOS3 24/09/2003 7.51 341.59 39.52 12.00 0.03 12.45 15.17 0.73 9.13 14.19 8.73 5.47 
BOS4 24/06/2003 7.30 303.00 60.00 6.67 0.07 1.13 7.86 6.97 3.31       
BOS4 8/07/2003 6.83 254.90 77.50 5.83 0.09 3.63 9.54 0.82 5.38       
BOS4 22/07/2003 7.01 296.00 57.50 6.67 0.13 0.70 7.50 3.02 5.49       
BOS4 5/08/2003 6.82 294.00 78.00 7.50 0.01 1.94 9.45 3.25 3.13 13.22 8.95 4.27 
BOS4 20/08/2003 7.29 279.00 28.25 4.00 0.11 1.31 5.42 3.43 2.71 17.81 14.38 3.43 
BOS4 2/09/2003 7.04 292.76 30.04 10.13 0.11 4.56 14.80 4.53 2.78 17.03 12.90 4.13 
BOS4 17/09/2003 7.47 278.44 27.09 4.50 0.14 2.81 7.45 1.74 15.05 21.75 14.97 6.78 
BOS4 24/09/2003 7.87 330.83 30.58 11.50 0.14 9.50 12.14 1.08 4.15 18.01 14.13 3.88 
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Table D.5 (cont): Concentrations of chemical contaminants – Bonogin Surface Water 
Sample 
No. 
Sample 
Date pH 
EC   
µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
BOS5 24/06/2003 7.26 277.60 78.75 9.17 0.10 6.75 16.02 1.73 2.50       
BOS5 8/07/2003 6.73 244.80 76.00 8.33 0.12 23.75 32.20 0.45 4.88       
BOS5 22/07/2003 7.08 276.80 78.25 5.00 0.16 4.47 9.63 2.66 4.99       
BOS5 5/08/2003 6.85 277.00 77.25 8.75 0.02 2.13 10.90 5.50 8.75 11.23 6.63 4.60 
BOS5 20/08/2003 7.34 267.00 34.50 2.50 0.03 1.56 4.09 7.26 3.13 13.40 8.93 4.47 
BOS5 2/09/2003 7.51 254.94 38.79 8.75 0.03 4.13 12.91 9.39 5.77 13.15 8.49 4.66 
BOS5 17/09/2003 7.68 314.05 33.86 3.50 0.04 2.50 6.04 1.19 17.85 15.68 10.17 5.51 
BOS5 24/09/2003 6.98 282.42 37.81 10.00 0.04 6.50 8.77 0.84 7.60 16.47 10.67 5.80 
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Table D.6: Concentrations of chemical contaminants – Tallebudgera Surface Water 
Sample 
No. 
Sample 
Date pH 
EC     
µS/cm 
Cl-       
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN       
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
TA1 24/06/2003 6.54 1502.00 314.00 9.17 0.09 2.63 11.88 2.93 3.79       
TA1 8/07/2003 6.70 944.00 242.00 6.67 0.05 25.50 32.22 2.59 0.88       
TA1 22/07/2003 7.46 2844.00 636.50 6.67 0.20 4.80 11.66 1.30 0.99       
TA1 5/08/2003 7.28 10330.00 1431.00 6.88 0.02 2.81 9.70 1.94 4.38 12.90 7.80 5.10 
TA1 20/08/2003 6.45 34500.00 11075.00 2.50 0.03 16.69 19.21 5.16 3.45 27.36 23.68 3.68 
TA1 2/09/2003 6.29 35183.73 12334.44 10.25 0.03 8.56 18.84 2.00 2.69 23.75 19.74 4.01 
TA1 17/09/2003 6.61 29484.87 10755.01 4.00 0.03 6.13 10.16 0.29 1.30 28.60 22.77 5.83 
TA1 24/09/2003 5.89 5559.67 2207.50 10.00 0.04 24.00 26.27 1.32 4.59 26.81 22.42 4.39 
TA2 24/06/2003 6.90 1852.20 58.25 10.00 0.07 3.38 13.45 1.94 4.44       
TA2 8/07/2003 6.96 120.90 55.25 6.67 0.09 26.75 33.51 1.40 1.81       
TA2 22/07/2003 7.51 153.50 31.50 3.33 0.14 5.03 8.50 1.27 1.93       
TA2 5/08/2003 7.43 197.70 26.75 10.00 0.01 2.81 12.83 2.71 3.94 6.68 3.87 2.81 
TA2 20/08/2003 7.68 158.80 1.00 4.00 0.03 3.19 7.22 3.37 3.58 8.05 6.87 1.18 
TA2 2/09/2003 7.71 159.70 1.06 7.00 0.03 6.63 13.66 3.25 2.72 8.01 6.63 1.37 
TA2 17/09/2003 7.77 183.40 3.00 3.50 0.04 2.94 6.48 0.63 17.65 10.56 7.28 3.29 
TA2 24/09/2003 8.23 160.14 5.88 9.50 0.04 10.25 12.41 2.65 4.44 9.77 7.73 2.05 
TA3 24/06/2003 6.91 175.50 61.25 6.67 0.08 1.88 8.62 3.19 5.90       
TA3 8/07/2003 6.86 106.00 46.75 6.67 0.06 25.25 31.98 0.81 7.25       
TA3 22/07/2003 6.84 117.40 29.75 5.83 0.11 4.75 10.69 1.33 7.36       
TA3 5/08/2003 7.09 114.30 27.25 6.88 0.01 2.94 9.82 3.91 5.13 6.34 3.07 3.27 
TA3 20/08/2003 7.80 105.00 4.00 5.50 0.12 12.81 18.43 2.99 3.01 8.88 4.24 4.64 
TA3 2/09/2003 7.22 113.92 4.42 9.63 0.12 4.88 14.62 2.50 3.21 7.01 4.25 2.76 
TA3 17/09/2003 7.20 109.90 3.87 4.50 0.14 1.75 6.39 0.80 17.55 10.32 5.16 5.16 
TA3 24/09/2003 7.87 113.50 4.33 10.50 0.16 12.45 14.87 0.90 16.85 8.91 5.65 3.26 
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Table D.7: Concentrations of chemical contaminants – Beechmont Groundwater 
Sample 
No. 
Sample 
Date 
Water 
Table 
Depth 
pH EC   µS/cm 
Cl-    
mg/L 
NO3--N   
mg/L 
NO2--N  
mg/L 
TKN   
mg/L 
TN    
mg/L 
PO43+  
mg/L 
TP     
mg/L 
TC     
mg/L 
IC      
mg/L 
TOC    
mg/L 
BE1 24/06/2003  9.23 6.27 374.00 58.00 13.33 0.08 0.86 14.28 7.88 3.75       
BE1 8/07/2003  9.35 6.37 309.00 76.00 7.50 0.06 29.25 36.81 2.55 6.25       
BE1 22/07/2003  9.31 6.21 326.00 49.25 5.00 0.10 1.88 6.98 3.97 4.13       
BE1 5/08/2003  9.34 6.37 323.00 57.00 10.63 0.12 2.50 13.24 2.23 1.13 20.15 17.71 2.44 
BE1 20/08/2003  9.36 6.90 293.00 19.75 5.00 0.28 6.25 11.53 4.25 3.45 26.37 24.43 1.94 
BE1 2/09/2003  9.42 6.50 278.13 22.45 7.50 0.03 4.13 11.65 1.18 2.63 28.27 24.80 3.47 
BE1 17/09/2003  9.45 6.54 311.00 19.54 4.50 0.04 3.81 8.35 1.24 3.33 27.69 24.93 2.76 
BE1 24/09/2003  9.41. 6.63 342.81 22.30 12.00 0.04 9.75 12.47 1.65 4.66 28.02 24.41 3.61 
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Table D.8: Concentrations of chemical microbiological – Cabbage Tree Point Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
CT1 23/06/2003 >1000     
CT1 7/07/2003 5700 70 10 
CT1 21/07/2003 30000 100 <10 
CT1 4/08/2003 8000 20 <10 
CT1 19/08/2003 5 000 20 <10 
CT1 1/09/2003 38 000 6 500 20 
CT1 16/09/2003 20000 760 0 
CT1 23/09/2003 37000 580 0 
CT2 23/06/2003 >1000     
CT2 7/07/2003 14000 790 90 
CT2 21/07/2003 12000 2300 10 
CT2 4/08/2003 5000 100 10 
CT2 19/08/2003 7 000 800 310 
CT2 1/09/2003 16 000 200 <10 
CT2 16/09/2003 800 0 0 
CT2 23/09/2003 18000 630 0 
CT3 23/06/2003 >1000     
CT3 7/07/2003 3000 <10 <10 
CT3 21/07/2003 120000 1400 <10 
CT3 4/08/2003 160000 1100 <10 
CT3 19/08/2003 11 000 3 100 10 
CT3 1/09/2003 9 400 2 000 <10 
CT3 16/09/2003 16000 3000 0 
CT3 23/09/2003 60000 2400 0 
CT4 23/06/2003 >1000     
CT4 7/07/2003 37000 380 4 
CT4 21/07/2003 8000 280 <10 
CT4 4/08/2003 14000 120 <10 
CT4 19/08/2003 100 70 30 
CT4 1/09/2003 34 000 60 40 
CT4 16/09/2003 20000 10 10 
CT4 23/09/2003 30000 30 10 
CT5 23/06/2003 >1000     
CT5 7/07/2003 3000 730 <10 
CT5 21/07/2003 14000 800 <10 
CT5 4/08/2003 8000 530 <10 
CT5 19/08/2003 16 000 1 200 <10 
CT5 1/09/2003 18 000 110 <10 
CT5 16/09/2003 10000 990 0 
CT5 23/09/2003 0 60 0 
CT6 23/06/2003 >1000     
CT6 7/07/2003 4000 400 6 
CT6 21/07/2003 40000 100 10 
CT6 4/08/2003 25000 50 <10 
CT6 19/08/2003 6 000 190 60 
CT6 1/09/2003 120 000 1 700 110 
CT6 16/09/2003 180000 120 20 
CT6 23/09/2003 15000 3600 0 
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Table D.8 (cont): Concentrations of microbiological contaminants – Cabbage Tree Point Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
CT7 23/06/2003 >1000     
CT7 7/07/2003 23000 140 <10 
CT7 21/07/2003 10000 100 10 
CT7 4/08/2003 23000 100 <10 
CT7 19/08/2003 24 000 12 000 4 200 
CT7 1/09/2003 32 000 3 300 90 
CT7 16/09/2003 20000 360 170 
CT7 23/09/2003 28000 110 10 
CT8 23/06/2003 ---     
CT8 7/07/2003 490000 10000 90 
CT8 21/07/2003 20000 2000 400 
CT8 4/08/2003 40000 2200 700 
CT8 19/08/2003 76 000 800 500 
CT8 1/09/2003 280 000 1 800 1 200 
CT8 16/09/2003 230000 40 0 
CT8 23/09/2003 300000 1800 0 
 
 
Table D.8 (cont): Concentrations of microbiological contaminants– Cabbage Tree Point Surface Water 
Sample 
No. 
Sample 
Date  HPC CFU/100mL 
Total 
Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
CTS1 23/06/2003 8 290 6 
CTS1 7/07/2003 1200 880 87 
CTS1 21/07/2003 3000 1200 170 
CTS1 4/08/2003 600 260 <10 
CTS1 19/08/2003 800 320 110 
CTS1 1/09/2003 300 130 1 
CTS1 16/09/2003 240 40 0 
CTS1 23/09/2003 200 80 10 
CTS2 23/06/2003 7 430 4 
CTS2 7/07/2003 400 210 60 
CTS2 21/07/2003 800 640 30 
CTS2 4/08/2003 1400 50 10 
CTS2 19/08/2003 1 500 1 600 900 
CTS2 1/09/2003 3 000 100 <10 
CTS2 16/09/2003 6000 80 0 
CTS2 23/09/2003 4000 1200 20 
CTS3 23/06/2003      
CTS3 7/07/2003 2600 1200 250 
CTS3 21/07/2003 14000 600 <10 
CTS3 4/08/2003 1400 550 450 
CTS3 19/08/2003 6 000 3 00 540 
CTS3 1/09/2003 2 500 1 700 400 
CTS3 16/09/2003 1600 0 0 
CTS3 23/09/2003 10000 1400 80 
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Table D.9: Concentrations of microbiological contaminants – Jacobs Well Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
JW1 23/06/2003 81000 610 <100 
JW1 7/07/2003 620000 25 <100 
JW1 21/07/2003 600000 7000 300 
JW1 4/08/2003 1000000 2000 <10 
JW1 19/08/2003 170 000 100 10 
JW1 1/09/2003 250 000 130 10 
JW1 16/09/2003 >100000 120000 0 
JW1 23/09/2003 800000 >10000 0 
JW2 23/06/2003 >100000 340 100 
JW2 7/07/2003 360000 <100 <100 
JW2 21/07/2003 1000000 310 50 
JW2 4/08/2003 500000 1600 20 
JW2 19/08/2003 98 000 1 100 20 
JW2 1/09/2003 160 000 200 10 
JW2 16/09/2003 410000 120 10 
JW2 23/09/2003 900000 7000 0 
JW3 23/06/2003 85000 660 <100 
JW3 7/07/2003 74000 100 <100 
JW3 21/07/2003 40000 5000 400 
JW3 4/08/2003 26000 200 <10 
JW3 19/08/2003 33 000 3 200 <10 
JW3 1/09/2003 40 000 >3 000 <10 
JW3 16/09/2003 85000 12000 0 
JW3 23/09/2003 60000 12000 0 
JW4 23/06/2003 >100000 990 200 
JW4 7/07/2003 60000 80 21 
JW4 21/07/2003 100000 420 220 
JW4 4/08/2003 48000 2600 <10 
JW4 19/08/2003 12 000 540 <10 
JW4 1/09/2003 10 000 500 20 
JW4 16/09/2003 100000 220 140 
JW4 23/09/2003 25000 730 80 
JW5 23/06/2003 2000 530 <100 
JW5 7/07/2003 260000 15000 10 
JW5 21/07/2003 180000 2300 <100 
JW5 4/08/2003 5000 50 50 
JW5 19/08/2003 50 000 100 100 
JW5 1/09/2003 20 000 200 100 
JW5 16/09/2003 67000 20 10 
JW5 23/09/2003 75000 400 180 
JW6 23/06/2003 3000 900 <100 
JW6 7/07/2003 12000 900 8 
JW6 21/07/2003 400000 10000 <10 
JW6 4/08/2003 1700 42000 600 
JW6 19/08/2003 120 000 1 100 60 
JW6 1/09/2003 80 000 10 000 30 
JW6 16/09/2003 80000 12000 10 
JW6 23/09/2003 28000 930 0 
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Table D.9 (cont): Concentrations of microbiological contaminants – Jacobs Well Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
JW7 23/06/2003 2500 560 <100 
JW7 7/07/2003 160000 10000 20 
JW7 21/07/2003 260000 10000 <10 
JW7 4/08/2003 940 250 <10 
JW7 19/08/2003 38 000 200 <10 
JW7 1/09/2003 33 000 850 20 
JW7 16/09/2003 500000 0 0 
JW7 23/09/2003 240000 0 0 
JW8 23/06/2003 >100000 900 <100 
JW8 7/07/2003 63000 10000 320 
JW8 21/07/2003 120000 22 60 
JW8 4/08/2003 3500 210 <10 
JW8 19/08/2003 8 200 200 <100 
JW8 1/09/2003 9 000 40 10 
JW8 16/09/2003 250000 800 10 
JW8 23/09/2003 73000 20 1 
 
 
Table D.9 (cont): Concentrations of microbiological contaminants – Jacobs Well Surface Water 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
JWS1 23/06/2003 6 340 12 
JWS1 7/07/2003 200 50 15 
JWS1 21/07/2003 400 28 3 
JWS1 4/08/2003 600 34 2 
JWS1 19/08/2003 1 000 84 22 
JWS1 1/09/2003 600 190 20 
JWS1 16/09/2003 800 5 2 
JWS1 23/09/2003 500 20 3 
JWS2 23/06/2003 8 340 2 
JWS2 7/07/2003 400 210 80 
JWS2 21/07/2003 800 400 50 
JWS2 4/08/2003 700 10 <10 
JWS2 19/08/2003 350 170 90 
JWS2 1/09/2003 800 190 120 
JWS2 16/09/2003 750 20 0 
JWS2 23/09/2003 900 300 70 
JWS3 23/06/2003 7 310 1 
JWS3 7/07/2003 400 280 23 
JWS3 21/07/2003 1000 290 10 
JWS3 4/08/2003 800 70 <10 
JWS3 19/08/2003 600 450 330 
JWS3 1/09/2003 1 200 850 <10 
JWS3 16/09/2003 800 100 10 
JWS3 23/09/2003 1000 150 10 
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Table D.10: Concentrations of microbiological contaminants – Coomera Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
CO1 23/06/2003 170000 >1200 <100 
CO1 7/07/2003 30000 2600 300 
CO1 21/07/2003 120000 900 300 
CO1 4/08/2003 45000 100 <100 
CO1 19/08/2003 18 000 190 100 
CO1 1/09/2003 210 000 8 800 200 
CO1 16/09/2003 >100000 9100 0 
CO1 23/09/2003 150000 17000 100 
CO2 23/06/2003 660000 1000 <100 
CO2 7/07/2003 2400 4200 1900 
CO2 21/07/2003 200000 48000 7000 
CO2 4/08/2003 16000 2100 1400 
CO2 19/08/2003 24 000 15 000 1 600 
CO2 1/09/2003 15 000 10 000 100 
CO2 16/09/2003 80000 5400 900 
CO2 23/09/2003 20000 1000 10 
 
 
Table D.10(cont): Concentrations of microbiological contaminants – Coomera Surface Water 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
COS1 23/06/2003 7 400 1 
COS1 7/07/2003 800 45 18 
COS1 21/07/2003 2400 70 20 
COS1 4/08/2003 1000 210 20 
COS1 19/08/2003 3 000 1700 100 
COS1 1/09/2003 1 300 45 5 
COS1 16/09/2003 1300 480 180 
COS1 23/09/2003 1500 360 50 
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Table D.11: Concentrations of microbiological contaminants – Bonogin Groundwater 
Sample 
No. 
Sample 
Date  
HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
BO1 24/06/2003 41000 670 <1 
BO1 8/07/2003 30000 1200 400 
BO1 22/07/2003 120000 400 100 
BO1 5/08/2003 490 300 200 
BO1 20/08/2003 40 000 2 100 900 
BO1 2/09/2003 70 000 230 100 
BO1 17/09/2003 >100000 40000 0 
BO1 24/09/2003 700000 3400 1 
BO2 24/06/2003 --- --- --- 
BO2 8/07/2003 --- --- --- 
BO2 22/07/2003 --- --- --- 
BO2 5/08/2003 --- --- --- 
BO2 20/08/2003 --- --- --- 
BO2 2/09/2003 --- --- --- 
BO2 17/09/2003 --- --- --- 
BO2 24/09/2003 --- --- --- 
BO3 24/06/2003 740 5600 <10 
BO3 8/07/2003 3000 1700 70 
BO3 22/07/2003 11000 790 40 
BO3 5/08/2003 >100000 4000 <10 
BO3 20/08/2003 --- --- --- 
BO3 2/09/2003 --- --- --- 
BO3 17/09/2003 --- --- --- 
BO3 24/09/2003 --- --- --- 
BO4 24/06/2003 440 220 1 
BO4 8/07/2003 3000 2100 10 
BO4 22/07/2003 65000 470 50 
BO4 5/08/2003 6800 10 10 
BO4 20/08/2003 20 000 1 500 <10 
BO4 2/09/2003 25 000 350 <10 
BO4 17/09/2003 14000 20 0 
BO4 24/09/2003 30000 1600 0 
BO5 24/06/2003 39000 150000 100 
BO5 8/07/2003 40000 42 20 
BO5 22/07/2003 600000 6000 2700 
BO5 5/08/2003 --- --- --- 
BO5 20/08/2003 --- --- --- 
BO5 2/09/2003 --- --- --- 
BO5 17/09/2003 --- --- --- 
BO5 24/09/2003 --- --- --- 
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Table D.11 (cont): Concentrations of microbiological contaminants – Bonogin Surface Water 
Sample 
No. 
Sample 
Date  
HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
BOS1 24/06/2003 80 1700 <1 
BOS1 8/07/2003 --- --- --- 
BOS1 22/07/2003 37000 1500 60 
BOS1 5/08/2003 1500 1000 90 
BOS1 20/08/2003 3 000 2 600 60 
BOS1 2/09/2003 5 000 1 800 200 
BOS1 17/09/2003 8000 2400 90 
BOS1 24/09/2003 800 200 300 
BOS2 24/06/2003 0 0 <1 
BOS2 8/07/2003 --- --- --- 
BOS2 22/07/2003 2000 600 310 
BOS2 5/08/2003 1800 840 160 
BOS2 20/08/2003 5 000 4 000 80 
BOS2 2/09/2003 22 000 7 000 100 
BOS2 17/09/2003 >100000 8000 90 
BOS2 24/09/2003 80000 6000   
BOS3 24/06/2003 6 1400 2 
BOS3 8/07/2003 --- --- --- 
BOS3 22/07/2003 5800 1800 250 
BOS3 5/08/2003 1600 1400 230 
BOS3 20/08/2003 3 500 2 500 180 
BOS3 2/09/2003 3 000 1 700 110 
BOS3 17/09/2003 10000 8000 980 
BOS3 24/09/2003 4600 9000 140 
BOS4 24/06/2003 14 1400 1 
BOS4 8/07/2003 --- --- --- 
BOS4 22/07/2003 5500 1200 120 
BOS4 5/08/2003 1900 1200 300 
BOS4 20/08/2003 5 800 3 900 640 
BOS4 2/09/2003 7 500 1 500 350 
BOS4 17/09/2003 8000 2000 420 
BOS4 24/09/2003 5600 8000   
BOS5 24/06/2003 20 1300 <1 
BOS5 8/07/2003 --- --- --- 
BOS5 22/07/2003 28000 2000 110 
BOS5 5/08/2003 25000 2000 200 
BOS5 20/08/2003 4 000 2 400 240 
BOS5 2/09/2003 8 000 1 500 300 
BOS5 17/09/2003 4000 1400 91 
BOS5 24/09/2003 3500 10000 200 
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Table D.12: Concentrations of microbiological contaminants – Tallebudgera Surface Water 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
TA1 24/06/2003 20 1200 <1 
TA1 8/07/2003 --- --- --- 
TA1 22/07/2003 2400 1400 110 
TA1 5/08/2003 1600 1900 150 
TA1 20/08/2003 400 180 160 
TA1 2/09/2003 1 800 540 120 
TA1 17/09/2003 1000 430 130 
TA1 24/09/2003 1800 800 100 
TA2 24/06/2003 14 1100 2 
TA2 8/07/2003 --- --- --- 
TA2 22/07/2003 1600 1600 130 
TA2 5/08/2003 2400 3000 130 
TA2 20/08/2003 3 200 2 500 100 
TA2 2/09/2003 2 500 1 800 180 
TA2 17/09/2003 8000 6000 670 
TA2 24/09/2003 14000 7000 400 
TA3 24/06/2003 18 >1200 <1 
TA3 8/07/2003 --- --- --- 
TA3 22/07/2003 1400 1200 80 
TA3 5/08/2003 1800 2600 100 
TA3 20/08/2003 3 500 1 600 80 
TA3 2/09/2003 6 000 3 800 170 
TA3 17/09/2003 5000 --- --- 
TA3 24/09/2003 6000 1000 410 
 
 
Table D.13: Concentrations of microbiological contaminants – Beechmont Groundwater 
Sample 
No. 
Sample Date  HPC 
CFU/100mL 
Total 
Coliform 
CFU/100mL 
Faecal Coliform   
CFU/100mL 
BE1 24/06/2003 2 44 <1 
BE1 8/07/2003       
BE1 22/07/2003 150 5 2 
BE1 5/08/2003 200 18 2 
BE1 20/08/2003 5 000 10 <1 
BE1 2/09/2003 >10 000 200 <1 
BE1 17/09/2003 0 0 0 
BE1 24/09/2003 60 0 0 
 
 
